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A mapping survey towards 51 Planck cold clumps projected on Orion complex
was performed with J=1-0 lines of 12CO and 13CO at the 13.7 m telescope of Purple
Mountain Observatory. The mean column densities of the Planck gas clumps range
from 0.5 to 9.5×1021 cm−2, with an average value of (2.9±1.9)×1021 cm−2. While
the mean excitation temperatures of these clumps range from 7.4 to 21.1 K, with an
average value of 12.1±3.0 K. The averaged three-dimensional velocity dispersion σ3D
in these molecular clumps is 0.66±0.24 km s−1. Most of the clumps have σNT larger
than or comparable with σTherm. The H2 column density of the molecular clumps
calculated from molecular lines correlates with the aperture flux at 857 GHz of the dust
emission. Through analyzing the distributions of the physical parameters, we suggest
turbulent flows can shape the clump structure and dominate their density distribution
in large scale, but not affect in small scale due to the local fluctuations. Eighty two
dense cores are identified in the molecular clumps. The dense cores have an averaged
radius and LTE mass of 0.34±0.14 pc and 38+5−30 M⊙, respectively. And structures
of low column density cores are more affected by turbulence, while those of high
column density cores are more concerned by other factors, especially by gravity. The
correlation of the velocity dispersion versus core size is very weak for the dense cores.
The dense cores are found most likely gravitationally bounded rather than pressure
confined. The relationship between Mvir and MLT E can be well fitted with a power law.
The core mass function here is much more flatten than the stellar initial mass function.
The lognormal behavior of the core mass distribution is most likely determined by the
internal turbulence.




Orion complex is the most excellent laboratory for studies of star formation. Thousands
of low-mass stars as well as a number of high mass stars formed in this region within the
last few million years (Bally et al. 2005; Hillenbrand 1997). Massive stars interact with the
molecular clouds in this region through the powerful ionizing radiation, strong stellar wind and
supernova explosion (Cowie, Songaila & York. 1979; Bally et al. 1987), reshape and compress
the clouds into filamentary structures which contains three 105 M⊙ giant molecular clouds
(Orion A, B and Mon R2) (Bally et al. 2005; Wilson et al. 2005). Triggered star formation has
been suggested to explain the large spatial scale age gradients of the distinguished star clusters
in this region (Elmegreen & Lada 1977). Thus it is important to study the properties of the
molecular clouds and the star forming activities in this region. In previous works, the molecular
clouds in this region have been widely studied through mapping surveys in transitions of CO
and its isotopes (Maddalena et al. 1986; Bally et al. 1987; Castets et al. 1990; Kramer et al.
1996; Sakamoto et al. 1996; Nagahama et al. 1998; Wilson et al. 2001, 2005; Shimajiri et al.
2011). However, most of these studies focus on particular regions with active star formation
(e.g. Orion A and Orion B) or have poor spatial resolution, which seldom pay attention to the
clouds comprising pre-stellar cores. The studies towards pre-stellar cores can help understand the
formation and evolution of dense cores, as well as the cause of the initial mass function (IMF)
(Planck Collaboration et al. 2011a). Studies towards pre-stellar cores in this region are urgently
needed. Recently, millieter/sub-millimeter continuum surveys have revealed some quiescent cores
in Orion (Li et al. 2007; Sadavoy et al. 2010), and the core mass function for these quiescent cores
has a power index of ∼ −0.85 (Li et al. 2007). But continuum observations can not provide us the
velocity information of these cores, and limit our understandings towards the core properties such
as velocity dispersions, core stabilities and so on.
The investigations of the density and temperature distributions, and the pressure supports
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in the pre-stellar cores are critically needed. Unfortunately, the properties of pre-stellar cores
were not known too much due to lacking of samples before Planck satellite. Working at
submillimetre/millimetre bands, Planck satellite is unique and suited for systemic surveys of cold
clumps, which already have provided a preliminary catalogue of 10,783 cold clumps (the cold
core Catalogue of Planck Objects, C3PO) (Planck Collaboration et al. 2011a). The planck cold
clumps in the C3PO sample were found with low column densities NH2 ∼ 0.1 to 1.6×1022 cm−2
and dust temperatures between 10 and 15 K (Planck Collaboration et al. 2011a). However, the
physical properties of those cold clumps are still poorly known, especially for their molecular
environments. Recently a single-point survey toward 674 Planck cold clumps of the Early Cold
clump Catalogue (ECC) in the J=1-0 transitions of 12CO, 13CO and C18O has been carried out
using the Purple Mountain Observatory (PMO) 13.7 m telescope (Wu et al. 2012). However,
mapping observations are needed to reveal the structures and properties of these clumps in detail.
In this paper, we report the results of a mapping survey in 12CO (1-0) and it’s isotopes toward
51 Planck cold clumps selected from the survey of Wu et al. (2012). The selected cold clumps
are associated with the Orion giant molecular cloud (GMC) (Dame et al. 1987) in projection
and their coordinates and systemic velocities are listed in Table 1. The clumps having two
velocity components are distinguished with ”a” and ”b” at the end of the core names. The 9th
column of Table 1 presents the aperture flux density at 857 GHz (apflux857) observed by Planck
satellite (Planck Collaboration et al. 2011b). The last column presents the associations with
these cold clumps identified with SIMBAD1. It can be seen that most of those cold clumps are
associated with dark clouds or very weak IRAS point sources (the flux at 100 µm ranging from
2.3 to 35 Jy), indicating they have low column densities and less star forming activities. In this
paper, the distances of these cold clumps are assumed to be 450 pc except for G180.81-19.66
and G185.80-09.12, which are associated with λ Orion region and have distances of 400 pc
1SIMBAD database is operated at CDS, Strasbourg, France
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(Planck Collaboration et al. 2011b).
The observations will be introduced in the next section. The basic analysis and results of the
molecular line observations will be presented in the third section. We discussed the properties of
the molecular environments of these cold clumps in section 4. Section 5 summarizes this paper.
2. Observations
The observations toward 51 Planck cold clumps in Orion complex in 12CO (1-0), 13CO (1-0)
and C18O (1-0) were carried out with the PMO 13.7 m radio telescope from April to June in 2011.
The new 9-beam array receiver system in single-sideband (SSB) mode was used as front end.
FFTS spectrometers were used as back ends, which have a total bandwidth of 1 GHz and 16384
channels, corresponding to a velocity resolution of 0.16 km s−1 for 12CO (1-0) and 0.17 km s−1
for 13CO (1-0) and C18O (1-0). 12CO (1-0) was observed at upper sideband, while 13CO (1-0)
and C18O (1-0) were observed simultaneously at lower sideband. The half-power beam width
(HPBW) is 56′′ and the main beam efficiency is ∼ 0.5. The pointing accuracy of the telescope was
better than 4′′. The typical system temperature (Tsys) in SSB mode is around 110 K and varies
about 10% for each beam. The On-The-Fly (OTF) observing mode was applied. The antenna
continuously scanned a region of 22′ × 22′ centered on the Planck cold clumps with a scan speed
of 20′′ s−1. However, the edges of the OTF maps are very noisy and thus only the central 14′ × 14′
regions are selected to be further analyzed. The typical rms noise level was 0.2 K in T∗A for 12CO
(1-0), and 0.1 K for 13CO (1-0) and C18O (1-0). Using the GILDAS software package including
CLASS and GREG (Guilloteau & Lucas 2000), the OTF data were converted to 3-D cube data
with a grid spacing of 30′′ and the baselines were corrected by fitting with linear or sinusoidal
functions. Then the data were exported to MIRIAD (Sault et al. 1995) for further analysis.
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3. Results
3.1. Distribution of the cold clumps in Orion GMC
There are 82 cold clumps in the ECC catalog projected on the Orion complex (Wu et al.
2012). We showed the distributions of the aperture flux density at 857 GHz (apflux857) for
the mapped cold cores and for all the Planck cold clumps projected in Orion complex in the
left panel of Figure 1. One can see our mapped sub-sample can well represent the whole
sample in Orion complex. As shown in the right panel of Figure 1, the locations of the Planck
cold clumps in the mapping survey are plotted as green ”crosses”. The background image
represents the Hα emission (Finkbeiner 2003). The red and blue contours present the CO
(1-0) (Dame, Hartmann, & Thaddeus 2001) and IRAS 100 µm emission, respectively. The CO
emission roughly coincides with the IRAS 100 µm emission in space, but is not associated with
Hα emission. Nearly all the cold clumps are associated with the CO emission and distribute at the
boundary or far from the Hα emission. The cold clumps form two large loops as denoted by the
two dashed ellipses.
3.2. Overall pictures of the molecular clumps
3.2.1. LTE analysis
With the theory of radiation transfer and molecular excitation (Winnewisser, Churchwell, & Walmsley.
1979; Garden et al. 1991), the analysis of the parameters of each clump was performed under
local thermal equilibrium (LTE) assumption. Assuming 12CO (1-0) emission to be optically thick
and the beam-filling factor to be unit, the excitation temperature Tex can be calculated directly.
Then the column densities of 13CO (1-0) were straightforward calculated using the first equation
in Garden et al. (1991). The column densities of H2 were obtained by adopting typical abundance
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ratios [H2]/[12CO]=104 and [12CO]/[13CO]=60 in the interstellar medium.
In Figure 2 the excitation temperatures are presented in color scale and the column densities
of H2 in contours. One can see most of the clumps are very diffuse and temperature gradients
are seen in many of them. The mean values of the column density and excitation temperature
of each clump were obtained through analyzing the pixies within the 30% contours in the
column density maps and presented in column 2 and 5 in Table 2. The mean column densities
of these clumps range from 0.5 to 9.5×1021 cm−2, with an average value of (2.9±1.9)×1021
cm−2. While the mean excitation temperatures of these clumps range from 7.4 to 21.1 K, with
an average value of 12.1±3.0 K. The column densities revealed by dust emission were found to
range from 0.1 to 1.6×1022 cm−2 and dust temperature from 10 to 15 K in the C3PO samples
(Planck Collaboration et al. 2011a), which are consistent with the excitations and column densities
obtained here from CO emission. In 135 clumps associated with IRAS sources, Wang et al. (2009)
found an averaged excitation temperature of 9.7 K and an averaged H2 column density of 8.9×1021
cm−2. The infrared dark clumps (IRDCs) were found to have a typical excitation temperature of
10 K and typical column density of several ×1022 cm−2 (Du & Yang 2008). Comparing with the
IRAS sources and IRDCs, the Planck cold clumps have slightly larger excitation temperatures
but much smaller column densities, indicating these Planck cold clumps represent an earlier
evolutionary phase in star formation.
3.2.2. First moment maps
The intensity weighted velocity maps (First moment maps) of the clumps are shown in Figure
3 in color scale overlayed with the contours of the column densities of H2. Velocity gradients
are found in nearly all the clumps. Taking G185.80-09.12 for example, two compact cores are
revealed in the map. The northern one has an averaged velocity of -2.3±0.1 km s−1, while the
central one has an averaged velocity of -2.8±0.1 km s−1.
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3.2.3. Velocity dispersion
The maps of one dimensional velocity dispersion of 13CO (1-0) are shown in Figure 4 in
color scale overlayed with the contours of the column densities of H2. One can found the velocity
dispersion is usually larger in the dense regions than in the less dense regions. The non-thermal














where σ13CO and Tex are the one dimensional velocity dispersion of 13CO (1-0) and excitation
temperature of each pixel in each clump, respectively. k is Boltzmann’s constant, m13CO is the
mass of 13CO, mH is the mass of atomic hydrogen, and µ=2.72 is the mean molecular weight of
the gas. Then the pixel value of three-dimensional velocity dispersion σ3D can be estimated as:
σ3D =
√
3(σ2Therm + σ2NT ) (3)
The mean values of σTherm, σNT and σ3D in each clump are presented in Table 2. The mean
thermal one dimensional velocity dispersion of in these clumps range from 0.15 to 0.25 km s−1,
with an average value of 0.19±0.02 km s−1. The mean non-thermal one dimensional velocity
dispersion of these clumps range from 0.1 to 0.79 km s−1, with an average value of 0.32±0.16
km s−1. The three-dimensional velocity dispersion σ3D ranges from 0.35 to 1.41 km s−1, with an
averaged value of 0.66±0.24 km s−1. There are 44 clumps with σNT larger than σTherm, and in
the remaining clumps σNT and σTherm are comparable. The mean ratio of σNT to σTherm in these
clumps is 1.65±0.76.
Star forming activities such as infall, outflow, and rotation could increase the non-thermal
velocity dispersion. However, no significant star forming activities were found in those cold and
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low density Planck clumps. These clumps are more quiescent than the other typical star forming
regions. Thus, the non-thermal motions in the Planck cold clumps are mainly determined by
turbulence and the non-thermal velocity dispersion can be used as a measurement of the turbulent
strength.
3.3. The properties of dense cores
In spite of the diffuse aspects, there also exist dense parts in the clumps. The individual dense
cores are identified within the 50% contours of the column density distribution. Thirteen clumps
are too diffuse to identify any dense core and fifteen clumps contain only one dense core. In the
other clumps, more than one dense cores are identified. In total of 82 dense cores are identified.
The dense cores are fitted with a two-dimensional gaussian function. The positions of each dense
core are shown in column 2 of Table 3. The radii of the cores are defined as R =
√(a · b)/2,
where a and b are the sizes of the minor and major axes, respectively. The systemic velocities of
each dense core are obtained by averaging the pixel values within their radii in the first moment
images. The deconvolved sizes, the radii and the systemic velocities are shown in column 2 to
4 in Table 4, respectively. The radii of the cores range from 0.07 to 0.55 pc, with an averaged
value of 0.27±0.12 pc. The statistical results of column densities of H2, excitation temperatures
and velocity dispersions within the radii of cores are summarized in Table 3. The averaged
column density of H2 and excitation temperature of the dense cores are (3.3±2.1)×1021 cm−2
and 12.5±3.5 K, respectively, which are slightly larger than the averaged values over the whole
clumps. The average values of σTherm, σNT and σ3D are 0.19±0.03, 0.33±0.14 and 0.67±0.22
km s−1, respectively, which are the same as the values averaged over the whole clumps.
The volume densities of each core are inferred as n = N peakH2 /2R, where N
peak
H2 is the peak H2
column density. The volume densities range from 0.9 to 5.6×103 cm3, with an average value of
(2.4 ± 1.1) × 103 cm3. The LTE masses of the cores are estimated as MLT E = 43piR3 · n · mH2 · µg,
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where mH2 is the mass of a hydrogen molecule and µg=1.36 is the mean atomic weight of the gas..
The LTE masses range from 0.3 to 270 M⊙, with an average value of 38+5−30 M⊙.
4. Discussion
4.1. The probability distributions of the derived parameters in the GMC scale
The lognormal behaviors of volume or column density in molecular clouds were
frequently reported in recent observations (Ridge et al. 2006; Froebrich et al. 2007;
Goodman, Pineda & Schnee 2009), which are often interpreted as a consequence of super-
sonic turbulence in the observed clouds (Va´zquez-Semadeni 1994). However clouds that have
already formed stars also exhibit power law like tails at large column densities besides of the
lognormal like shape at low column densities (Kainulainen et al. 2009; Froebrich & Rowles
2010). In simulations, the power law like tails are often attributed to the formation of local
collapsing sites in turbulent flows (Kritsuk, Norman & Wagner 2011; Ballesteros-Paredes et al.
2011). The developing of power-law tails at high densities is thus a consequence of the transition
from more diffuse, turbulence-dominated clouds to denser, star-forming, collapsing clouds
(Ballesteros-Paredes et al. 2011). Thus, the distributions of volume or column densities in clumps
can be used as a indicator of their evolutionary states. Additionally, to investigate the distributions
of the other parameters such as velocity dispersion and excitation temperature can help understand
the formation of the column or volume density distributions. For example, if the non-thermal
velocity dispersion rather than the thermal velocity dispersion (or excitation temperature) has the
similar distribution as the column density, we can argue that the non-thermal motions (turbulence)
play a more important role in the formation of density distribution as well as the cloud structure.
We investigate the probability distributions of the derived parameters in the GMC scale. The
mean parameters used to generate the cumulative distributions in Figure 5 are derived by averaging
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all the pixel values within the 30% contours of the column density image in each clump. The
Kolmogorov-Smirnov (K-S) test is applied to check whether the distributions of the parameters
follow a normal or lognormal distribution. The motivation of modeling the distributions with a
normal shape is to test whether the variables are randomly changed. Moreover a variable having
a log-normal distribution can be thought of as the multiplicative product of many independent
random variables. Thus it is worth modeling the distributions of the parameters with a normal
distribution for comparison. The null hypothesis is the distribution of the derived parameter can
be described with normal or lognormal distribution. The decision to reject or accept the null
hypothesis is based on comparing the P-value with the desired significance level, which is 0.05 in
this paper. Thus if the P-values from K-S test is larger than 0.05, the derived parameter should
follow the reference distribution.
As shown in Figure 5, the distributions of the derived parameters (NH2 , apflux857, Tex,
σTherm, σNT , σ3D) of the whole region including all the mapped clumps can all be fitted with a
lognormal distribution. Besides σTherm, the other five parameters also follow a normal distribution.
However, the P-values of K-S test for normal distribution hypothesis are much smaller than that
for lognormal distribution hypothesis, indicating the underlaying distributions of these parameters
more likely have a lognormal shape. The P-values for lognormal distribution hypothesis of NH2
and apflux857 are as high as ∼ 0.9, indicating perfect lognormal distributions. In previous works,
the lognormal behaviors of column density distribution in clumps without star formation was
interpreted to be determined by turbulent motions. We also noticed that the P-value for lognormal
distribution hypothesis of σNT is much larger than that of σTherm, also suggesting turbulence
dominates the density distribution in a sense.
We also investigate the parameter distributions of the dense cores in this region in GMC
scale. As shown in Figure 6, the the distributions of the derived parameters (NH2 , n, Tex, σTherm,
σNT , σ3D) of the cold clumps are also fitted with normal and lognormal distributions. Besides
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σTherm, the distributions of the other five parameters can be well described by a lognormal
distribution with P-values larger than 0.3. Volume density n, σNT , and σ3D also can be fitted with
a normal distribution with much lower P-values, indicating their distributions prefer lognormal
shape rather than normal shape. The volume density has a remarkable lognormal distribution
with P-value as large as 0.83. The column densities of these dense cores also can be fitted with a
lognormal distribution (see panel (a) of Figure 6), but the P-value (0.44) is much lower than that
of the whole clumps (0.88) (see panel (a) of Figure 5). The significant variance reflects that the
dense cores are more evolved regions in the clumps, which begin to decouple from the general
turbulent field and are more affected by gravity. σNT distribution has a lognormal behaviors with
a larger P-value of 0.89 than that of σTherm (0.03), indicating turbulent motions dominate shaping
the clump structures and inducing density fluctuations in GMC scale.
4.2. The probability distributions of the derived parameters in the clump and core scale
The distributions of the parameters in each clump are studied separately. For each clump,
the distributions of the pixel values of the derived parameters (NH2 , Tex, σTherm, σNT , σ3D) were
investigated. The distributions are tested for normal and lognormal distribution hypothesis with
K-S test. The P-values from K-S test are summarized in Table 2. The cumulative distribution of
the P-values for normal and lognormal distribution hypothesis are shown in panel (a) and panel (b)
of Figure 7, respectively. It can be seen that the distributions of the five parameters in more than a
half of the clumps can be fitted with a normal distribution with P-value larger than 0.05. And 31
clumps have normal-like column density distributions with P-value larger than 0.05. In contrast, as
shown in panel (b) of Figure 7, only 19 clumps show lognormal-like column density distributions.
In panel (c) of Figure 7, we plot the distributions of the ratios P(lognormal)/P(normal) of P-values
for lognormal hypothesis to P-values for normal hypothesis. We can see the column density
distributions in more than 65% clumps have P-values for normal distribution larger than that
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for lognormal distribution. And more than 85% clumps have σNT distribution with P-values for
normal distribution larger than that for lognormal distribution. Except for σ3D, the other four
parameters in these clumps are more likely to be fitted with a normal distribution rather than
lognormal distribution. Those parameters seem to prefer a normal distribution in small scale but
favor a lognormal distribution in large scale (see section 4.1). It seems the local values of these
parameters (NH2 , Tex, σTherm, σNT ) are essentially random, leading to a normal distribution. If
the fluctuations of the parameters in small scale are independent of one another, the distributions
of the average parameters of each clump are thus lognormally distributed (Va´zquez-Semadeni
1994). In panel (d) of Figure 7, the bin-averaged p-values are plotted versus bin-averaged column
densities. The width of the bins is varied to guarantee that the numbers of clumps in each bin
are similar. Except σ3D, the bin-averaged P-values for normal hypothesis are larger than that for
lognormal hypothesis in each NH2 bin, which is revealed by that the solid lines in panel (d) are
always above the dashed lines. We also noticed the bin-averaged P-values of NH2 , Tex, σTherm, and
σNT for normal distribution hypothesis roughly decrease with column density.
We also investigate the distributions of the pixel values of the derived parameters (NH2, Tex,
σTherm, σNT , σ3D) in each dense cores. The distributions are also tested for normal and lognormal
distribution hypothesis with K-S test and the P-values from K-S test are summarized in Table 3.
The cumulative distribution of the P-values for normal and lognormal distribution hypothesis are
shown in panel (a) and panel (b) of Figure 8, respectively. In panel (a), we can see the cumulative
density distributions almost have a linear shape. And more than 90% dense cores show P-values
larger than 0.05. In panel (b), we can see also in a large number (>60%) of these cores the five
parameters are lognormally distributed. However, as shown in panel (c), in about a half of these
dense cores, the distributions of Tex and σTherm prefer to follow a normal behavior. In more than
75% of the dense cores, the σ3D favors to a normal distribution rather than lognormal distribution,
that is P(lognormal)/P(normal)<1. And in more than 90% of the dense cores, the σNT and NH2
can be fitted better by normal distribution rather than by lognormal distribution. All the above
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indicates in small scale, the local values of these parameters are more likely normal distributed. In
panel (d), we also investigated the bin-averaged P-values versus column density. It can be seen all
the solid lines (normal distribution) locate above the dashed lines (lognormal distribution), which
also reveals that these parameters favor normal distribution in small scale. All the P-values of
these parameters seem roughly decrease with column density with the maximum value peaking at
(2-2.5)×1021 cm−1. This evolutionary behavior reflects that the structures of low column density
cores are more affected by turbulence, but the structures of high column density cores are more
affected by other factors, especially by gravity.
4.3. Turbulence dominated clumps
As discussed in section 4.1 and 4.2, the distributions of the parameters especially the density
distribution have lognormal behaviors in large scale (GMC) and normal behaviors in small scale
(clump & dense cores), which indicate these clumps are turbulence dominated, in other word, the
clump and core structures are more likely shaped by turbulent flows (Va´zquez-Semadeni 1994).
The left panel of Figure 9 shows the relationship between H2 column density and three
dimensional velocity dispersion averaged over the whole clumps. It can be seen the velocity
dispersion increases with the H2 column density. The relationship can be better described as power
law rather than linear relations. The linear fitting is σ3D(km s−1) = (0.11± 0.01)
NH2
(1021cm−2) + (0.36± 0.04),






We also noticed the ratio of non-thermal to thermal velocity dispersion increases with
the H2 column density. As shown in the right panel of Figure 9, the relationship can
be better fitted with power law rather than linear relation. The linear fitting is σNT
σT herm
=













As discussed in section 3.2.3, most of the clumps has σNT larger than or comparable with σTherm.
Thus Rp is larger than unit in most of the clumps, suggesting the clumps associated with Planck
cold clumps are mostly non-thermally dominated. Since the ratio of non-thermal to thermal
velocity dispersion increases with the H2 column density, the non-thermal pressure becomes
more dominated in dense clumps, i.e., the denser clumps are more turbulent. However, once
gravity dominates pressure, the gas can collapse until the densest parts become optically thick,
allowing the gas to heat up adiabatically and to increase the gas pressure dramatically while the
supersonic turbulence may decay quickly on a dynamical timescale (Shu, Adams & Lizano 1987;
Zinnecker & Yorke 2007). The low column densities and excitation temperatures as well as the
large ratio of non-thermal to thermal pressure indicate those clumps are still turbulence dominated
and not greatly affected by gravity. In other words, most parts of these clumps are still quiescent
and have not suffered gravitational contracting.
4.4. Correlations between dust and gas emission
Dust and molecular gas are considered to coexist in molecular clumps. In sub-mm band, dust
emission is always optically thin and can be treated as a good tracer of column density. In Figure
10, we plot the H2 column densities of the clumps obtained from 13CO data as function of the
aperture flux at 857 GHz. The column density increases with the flux at 857 GHz. The linear
fitting is as NH2(1021cm−2) = 0.01
ap f lux857
(Jy) + (1.29 ± 0.30), with R2=0.47. While the power law fitting





, with R2=0.47. As discussed in section
4.1, the column density and the flux at 857 GHz of the clumps are both following a lognormal




The correlation of the velocity dispersion versus region size has a power law form and the
so called Larson relationship was found to be held for size from 0.1 to 100 pc (Larson 1981).
However, in several other surveys Larson relationship is found to be not valid or very weak
(Buckle et al. 2009; Kramer et al. 1996; Onishi et al. 2002). The plot of the three dimensional
velocity dispersion against radius of the dense cores is shown in Figure 11. The correlation can be





, with R2=0.21. The correlation is very weak,
and the power index found here is also smaller than that in Larson (1981), which is 0.38. The
weak correlation could be due to the small range in R (0.08-0.65 pc) and σ3D (0.34-1.51 km s−1)
and the large scatter in the values as well as the uncertainties of the distance. However, Larson
relationship may be not valid in small scale. As discussed in section 4.1 and 4.2, the turbulence
dominates the clump structure and density distribution in large scale but not in small scale. Small
scale structures are more easily to be affected by the fluctuations of density and temperature.
4.6. Gravitational stabilities of the dense cores
Assuming the dense cores are gravitationally bound isothermal spheres with a density profile






where G is the gravitational constant. Assuming the density profile is of ρ ∝ R−2, γ = 5/3. The
virial masses are listed in column 7 of Table 4.
In molecular clumps, many factors including thermal pressure, turbulence, and magnetic field
support the gas against gravity collapse. The Jeans mass, which takes into account of thermal and
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where aJ is a dimensionless parameter of order unity which takes into account the geometrical
factor, µ = 2.72 is the mean molecular weight, n is the volume density of H2 and Te f f =
C2
s,e f f µmH
k is
the effective kinematic temperature. The effective sound speed Cs,e f f including turbulent support
can be calculated as:
Cs,e f f =
[
(σNT )2 + (σTherm)2
]1/2 (6)
The calculated Jeans masses are listed in the 8th column of Table 4.
About 64 (78%) dense cores have virial masses larger than LTE masses. And only 10 (12%)
dense cores have virial masses larger than three times of the LTE masses. The others (88%) have
virial masses consistent with LTE masses within a factor of three. The average ratio of virial mass
to LTE mass is 1.36. About 45% of the dense cores have Jeans masses larger than LTE masses.
More than 84% cores have Jeans masses consistent with LTE mass within a factor a three. The
average ratio of Jeans mass to LTE mass is 1.89. There are 83% dense cores have both virial and
Jeans masses consistent with LTE masses within a factor of three. Considering the uncertainties in
estimating the masses, it seems that most of the cores are gravitationally bounded, and the internal
thermal and turbulent pressure can support them against gravitational collapse.
The left panel of Figure 12 shows the relationship between Mvir and MLT E. The relationship





, with R2=0.83. The power
index obtained here is very close to the value obtained in Orion B (0.67) (Ikeda et al. 2009)
and NGC 2071 (0.6) (Buckle et al. 2009). The pressure-confined cores were thought to have
Mvir ∝ M1/3LT E (Bertoldi & McKee 1992). The power law index for the pressure-confined cores is
significant smaller than that for the dense cores obtained here, indicating the dense cores are most
likely not pressure confined, but gravitationally bounded (Ikeda et al. 2009). In the right panel of
Figure 12, we plot MJ versus MLT E, whose relationship can be also well fitted with a power law.
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As shown in the last column of Table 4, only 11 cores are found associated with IRAS point
sources. However, these IRAS point sources are very weak with 100 µm flux ranging from 2 to 30
Jy. It seems star forming activities haven’t taken in these cores, and most of them may be star-less.
4.7. Core mass function
The differential core mass function (CMF) is usually found to follow a power-law spectrum
like dNdM ∼ M−α. However, the shape of the mass spectrum is far from fixed and broken power law
appearance is also suggested in some surveys (Buckle et al. 2009). In the left panel of Figure 13,
we plot the core mass function of the dense cores. The core mass function can be well fitted with a
power law for 15 < MLT E/M⊙ < 200. The power law gives α=1.32±0.08. Compared with α (2.35)
of the stellar initial mass function (IMF) (Salpeter 1955), the power law shape of the CMF here
is much more flatten. As shown in the right panel of Figure 13, the masses of the cores are also
found lognormally distributed with a P-value from K-S test as large as 0.87. The mean (µ) and
standard deviation (σ) of the lognormal distribution are 2.9 and 1.3, corresponding to a mass of
18 and 4 M⊙, respectively. As discussed in section 4.1, the non-thermal velocity distribution also
prefers to follow a lognormal shape, while the thermal dispersion doesn’t, indicating non-thermal
motions (turbulence) dominate the evolution of clumps. We argue that the supersonic turbulence
can create dense cores with a lognoraml distribution of densities and masses in the clumps, which
is consistent with the case in simulations (Veltchev., Klessen., & Clark 2011).
5. Summary
We performed a mapping survey in molecular lines of CO, 13CO and C18O J=1-0 towards 51
Planck cold clumps projected on Orion complex. The main findings in this work are as below:
– 19 –
(1).The mean H2 column densities of the Planck cold clumps range from 0.5 to 9.5×1021
cm−2, with an average value of (2.9±1.9)×1021 cm−2. While the mean excitation temperatures
of these clumps range from 7.4 to 21.1 K, with an average value of 12.1±3.0 K. The H2 column
densities and excitation temperatures obtained here are comparable to those values obtained
from dust emission in the C3PO samples. However, the Planck cold clumps have slightly larger
excitation temperatures but much smaller column densities when comparing with the IRAS
sources and IRDCs, indicating these Planck cold clumps represent an earlier evolutionary phase in
star formation. The three-dimensional velocity dispersion σ3D in these molecular clumps ranges
from 0.35 to 1.41 km s−1, with an averaged value of 0.66±0.24 km s−1. Most of the clumps have
σNT larger than or comparable with σTherm. The three dimensional velocity dispersion and the
ratio of σNT to σTherm increase with the H2 column density, indicating the clumps are mostly
non-thermally dominated and the denser clumps are more turbulent.
(2).We identified 82 dense cores in the molecular clumps. The averaged column density of
H2 and excitation temperature of the dense cores are larger than that averaged over the whole
clumps. The radii of the cores range from 0.08 to 0.65 pc, with an averaged value of 0.24±0.14
pc. Their LTE masses range from 0.3 to 270 M⊙, with an average value of 38+5−30 M⊙.
(4).We found that NH2 , apflux857, Tex, σTherm, σNT , σ3D and volume density n have a
lognormal distribution in large scale (in the whole GMC), but NH2 , Tex, σTherm, σNT more likely
favor normal distribution in small scale (in each clump). It seems turbulent flows can shape
the clump structure and dominate their density distribution in large scale, but not function in
small scale due to the local fluctuations. In each clump or dense cores, we also noticed that the
distributions of NH2 , Tex, σTherm, σNT deviate from normal or lognormal distributions at high
column densities, indicating the structures of low column density cores are more affected by
turbulence, but the structures of high column density cores are more affected by other factors,
especially by gravity.
– 20 –
(5).The H2 column density of the molecular clumps calculated from molecular lines correlate
with the aperture flux at 857 GHz of the dust emission.
(6).The correlation of the velocity dispersion versus core size, .i.e., the Larson relationship is
very weak for the dense cores. The power index of the relation is found to be 0.31 ± 0.07, smaller
than the value obtained by (Larson 1981). Larson relationship seems not valid in small scale,
which also indicate that the turbulence dominates the clump structure and density distribution in
large scale but not in small scale.
(7).The dense cores are found to be mostly gravitationally bounded through analyzing their
virial masses and Jeans masses. The relationship between Mvir and MLT E can be well fitted with
a power law with a power index of 0.61 ± 0.03, similar to that in Orion B (0.67) and NGC 2071
(0.6), also indicating the dense cores are most likely gravitationally bounded rather than pressure
confined. The relationship between MJ and MLT E also can be well fitted with a power law with a
power index of 0.43 ± 0.05. Only 11 cores are found associated with weak IRAS point sources.
Most of the cores may be star-less and have not affected by star forming activities.
(8). The core mass function can be well fitted with a power law for 15 < MLT E/M⊙ < 200,
whose slope α=1.32±0.08. The masses of the dense cores are also lognormally distributed. The
lognormal behavior of the core mass distribution is determined by the internal turbulence, whose
distribution also shows lognormal shape.
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Fig. 1.— Left: The distributions of the aperture flux density at 857 GHz (apflux857) for the
mapped sources and for all the Planck cold clumps projected in Orion complex. Right: Dis-
tribution of the Planck cold clumps in Orion complex. Their locations are marked with green
”crosses”. The background image represents the Hα emission (Finkbeiner 2003). The red con-
tours present the CO (1-0) emission (Dame, Hartmann, & Thaddeus 2001). The contour levels are
(0.5,1,2,3,4,5,6,7,8,9)×10 K km s−1. The blue contours show the IRAS 100 µm emission. The
contour levels are (0.5,1,2,3,4,5,6,7,8,9)×50 mJy/sr.
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Fig. 2.— The contours represent the column density distribution. The contour levels are from
10% to 90% in steps of 10% of the peak value. The image in color scale shows the distribution of
excitation temperature. The cloud names are labeled in the upper-left corner in each panel. (First
page of Figure 2, the others are only available on line.)
– 27 –
Fig. 3.— The contours represent the column density distribution. The contour levels are from 10%
to 90% in steps of 10% of the peak value. The first momentum maps of 13CO (1-0) emission are
shown in color scale. The cloud names are labeled in the upper-left corner in each panel. (First
page of Figure 3, the others are only available on line.)
– 28 –
Fig. 4.— The contours represent the column density distribution. The contour levels are from 10%
to 90% in steps of 10% of the peak value. The second momentum (velocity dispersion) maps of
13CO (1-0) emission are shown in color scale. The cloud names are labeled in the upper-left corner
in each panel. (First page of Figure 4, the others are only available on line.)
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Fig. 5.— Cumulative distributions of the derived parameters averaged over the whole clouds. The
names of the parameters are labeled on the top of each panel. The blue curve is the data distribution.
The red solid and green dashed lines represent the best normal and lognormal distribution fits,
respectively.
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Fig. 6.— Cumulative distributions of the derived parameters averaged over the dense cores. The
names of the parameters are labeled on the top of each panel. The blue curve is the data distribution.
The red solid and green dashed lines represent the best normal and lognormal distribution fits,
respectively.
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Fig. 7.— Statistics of P-values of K-S test for parameter distributions in each cloud. (a). P-value
distribution from K-S test for normal distribution hypothesis. (b). P-value distribution from K-S
test for lognormal distribution hypothesis. (c). Distribution of the ratio P(lognormal)/P(normal).
(d). Bin averaged P-values versus Bin averaged column densities.
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Fig. 8.— Statistics of P-values of K-S test for parameter distributions in each dense core.
(a). P-value distribution from K-S test for normal distribution hypothesis. (b). P-value dis-
tribution from K-S test for lognormal distribution hypothesis. (c). Distribution of the ratio
P(lognormal)/P(normal). (d). Bin averaged P-values versus Bin averaged column densities.
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Fig. 9.— NH2-σ3D (left) and NH2-σNT/σTherm (right) relations for the clouds. Linear fittings are
shown as dashed lines, and power law fittings shown in solid lines. The equations of the fittings
are shown in the upper-left corners in each plot.























Fig. 10.— Plots of aperture fluxes at 857 GHz versus H2 column densities for the clouds.
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Fig. 11.— σ3D versus R relation, i.e., the Larson relationship for the dense cores.
Fig. 12.— Left: Plots of virial mass versus LTE mass for the dense cores; Right: Plots of Jeans
mass versus LTE mass for the dense cores
– 35 –
Fig. 13.— Left: core mass function (CMF) of the dense cores. The red solid line is the power-law





Table 1. The parameters of the Planck cold clumps surveyed (First page of Table 1, the full table is only available on line)
Name Glon Glat Ra(J2000) Dec(J2000) Ra(B1950) Dec(B1950) Vlsr apflux857 Remarksa
(◦) (◦) (h m s) (d m s) (h m s) (d m s) (km s−1) (Jy)
G180.81-19.66 180.81297 -19.669159 04 37 26.49 +16 59 01.22 04 34 33.78 +16 53 02.05 8.91 102.8 DNe
G185.80-09.12 185.80077 -9.1214981 05 25 22.61 +19 10 27.12 05 22 25.97 +19 07 49.92 -2.75 74.9 smm
G190.08-13.51 190.08543 -13.516411 05 19 28.71 +13 15 43.32 05 16 39.53 +13 12 40.97 1.28 72.9 DNe,Cld
G190.15-14.34 190.15135 -14.342709 05 16 45.83 +12 45 44.57 05 13 57.29 +12 42 30.58 1.32 108.8
G191.03-16.74 191.03026 -16.743393 05 10 23.30 +10 45 03.71 05 07 37.24 +10 41 22.53 1.75 46.0 PoC
G192.12-10.90 192.12889 -10.901871 05 32 55.83 +12 57 08.60 05 30 06.88 +12 55 04.38 10.02 200.7 IRAS 05300+1253, smm
G192.28-11.33 192.2827 -11.339053 05 31 43.36 +12 35 44.79 05 28 54.85 +12 33 35.35 10.13 278.1 Cld,DNe,PoC
G192.54-11.56 192.54637 -11.567412 05 31 28.55 +12 15 22.39 05 28 40.45 +12 13 11.90 10.21 208.2 DNe
G194.69-16.84 194.69969 -16.840801 05 17 37.50 +07 43 26.85 05 14 54.91 +07 40 16.77 -2.41 53.8 IRAS 05150+0739
G194.94-16.74 194.94139 -16.743393 05 18 26.83 +07 34 38.62 05 15 44.40 +07 31 32.08 -1.81 80.7 DNe,PoC
G195.09-16.41 195.0952 -16.412575 05 19 53.82 +07 37 24.15 05 17 11.32 +07 34 23.84 -0.1 87.8 DNe
G195.00-16.95 195.00731 -16.957758 05 17 50.47 +07 24 43.08 05 15 08.24 +07 21 33.94 -1.81 155.7 PoC
G196.21-15.50 196.21581 -15.50084 05 25 17.29 +07 10 11.87 05 22 35.29 +07 07 34.82 3.76 36.3 PoC,MoC
G198.03-15.24 198.03954 -15.249377 05 29 45.07 +05 46 55.24 05 27 04.67 +05 44 37.55 0.01 170.9 DNe,MoC
G198.56-09.10 198.56688 -9.1026087 05 52 17.25 +08 23 18.98 05 49 33.69 +08 22 39.30 11.42 129.5 DNe
G200.34-10.97 200.34666 -10.977856 05 49 08.80 +05 56 35.00 05 46 28.14 +05 55 41.71 13.56 153.8 IRAS 05464+0554, DNe, PoC
aSimbad identifiers within 5′. DNe: Dark Cloud (nebula); smm: sub-millimetric source; Cld: Cloud; PoC: Part of Cloud; Rad: Radio-source; RNe: Reflection




Table 2. Derived parameters of gas emission over the whole clouds (First page of Table 2, the full table is only available on
line)
Name NH2 Tex σT herm σNT σ3D
mean P-value mean P-value mean P-value mean P-value mean P-value
(1021 cm−2) normal lognormal (K) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal
G180.81-19.66 2.10+0.39−0.32 0.16 0.00 12.23
+0.53
−0.55 0.77 0.76 0.19
+0.00
−0.00 0.79 0.76 0.19
+0.02
−0.03 0.00 0.00 0.47
+0.02
−0.04 0.00 0.00
G185.80-09.12 2.11+0.66−0.79 0.51 0.28 12.67
+0.93
−1.06 0.09 0.33 0.20
+0.01
−0.01 0.18 0.33 0.22
+0.07
−0.05 0.47 0.01 0.52
+0.09
−0.08 0.07 0.31
G190.08-13.51 2.45+0.68−0.64 0.00 0.10 11.88
+0.44
−0.54 0.00 0.01 0.19
+0.00
−0.00 0.00 0.01 0.30
+0.09
−0.09 0.03 0.00 0.63
+0.12
−0.14 0.00 0.09
G190.15-14.34 2.85+0.82−0.79 0.15 0.01 14.34
+1.13
−1.09 0.20 0.07 0.21
+0.01
−0.01 0.14 0.07 0.29
+0.05
−0.07 0.16 0.01 0.63
+0.08
−0.10 0.01 0.47
G191.03-16.74 2.25+0.52−0.57 0.12 0.00 13.74
+0.92
−1.11 0.36 0.04 0.20
+0.01
−0.01 0.13 0.04 0.21
+0.04
−0.04 0.01 0.00 0.52
+0.05
−0.05 0.56 0.12
G192.12-10.90 4.14+1.13−1.23 0.02 0.02 17.23
+1.23
−1.38 0.04 0.29 0.23
+0.01
−0.01 0.11 0.28 0.28
+0.05
−0.05 0.00 0.11 0.62
+0.08
−0.08 0.00 0.01
G192.28-11.33 5.66+1.35−1.41 0.06 0.00 18.90
+1.37
−2.04 0.02 0.01 0.24
+0.01
−0.01 0.02 0.01 0.35
+0.06
−0.05 0.05 0.00 0.74
+0.08
−0.07 0.04 0.00
G192.54-11.56 5.33+0.58−1.34 0.00 0.01 21.12
+0.79
−2.25 0.00 0.00 0.25
+0.01
−0.01 0.00 0.00 0.28
+0.03
−0.03 0.59 0.10 0.65
+0.04
−0.04 0.73 0.79
G194.69-16.84 1.87+0.58−0.65 0.27 0.12 10.98
+0.73
−0.73 0.52 0.27 0.18
+0.01
−0.01 0.39 0.27 0.21
+0.04
−0.04 0.07 0.00 0.49
+0.06
−0.07 0.36 0.10
G194.94-16.74 3.75+0.84−1.05 0.02 0.15 15.07
+0.95
−0.91 0.16 0.02 0.21
+0.01
−0.01 0.06 0.02 0.33
+0.05
−0.05 0.34 0.00 0.68
+0.07
−0.08 0.87 0.29
G195.09-16.41 5.47+1.49−1.56 0.05 0.00 15.85
+0.76
−0.95 0.14 0.14 0.22
+0.01
−0.01 0.26 0.14 0.47
+0.08
−0.09 0.05 0.00 0.91
+0.12
−0.15 0.02 0.25
G195.00-16.95 3.09+0.66−0.71 0.10 0.02 14.21
+0.71
−0.66 0.56 0.36 0.21
+0.01
−0.00 0.52 0.35 0.29
+0.06
−0.05 0.21 0.00 0.62
+0.08
−0.07 0.11 0.04
G196.21-15.50 2.22+0.74−0.79 0.41 0.03 14.38
+0.75
−0.74 0.74 0.44 0.21
+0.01
−0.01 0.59 0.44 0.27
+0.10
−0.09 0.74 0.06 0.62
+0.13
−0.13 0.20 0.45
G198.03-15.24 2.26+0.68−0.65 0.31 0.01 14.06
+0.80
−0.73 0.48 0.15 0.21
+0.01
−0.01 0.32 0.16 0.22
+0.05
−0.05 0.69 0.01 0.52
+0.06
−0.07 0.44 0.38




Table 3. Derived parameters of the dense cores (First page of Table 3, the full table is only available on line)
Name Offset NH2 Tex σT herm σNT σ3D
max mean P-value mean P-value mean P-value mean P-value mean P-value
(′′, ′′) (1021 cm−2) (1021 cm−2) normal lognormal (K) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal
G185.80-09.12 (-69,-19) 4.37 2.95+0.72−0.31 0.47 0.02 13.10+0.91−0.92 0.21 0.32 0.20+0.01−0.01 0.26 0.32 0.28+0.05−0.04 0.22 0.03 0.60+0.06−0.05 0.30 0.11
(-134,290) 3.36 2.25+0.62−0.61 0.90 0.90 11.89+0.51−0.35 0.48 0.42 0.19+0.00−0.00 0.45 0.42 0.23+0.06−0.04 0.86 0.61 0.52+0.08−0.06 0.87 0.91
G190.08-13.51 (110,106) 4.86 3.11+0.64−0.67 0.12 0.00 11.91+0.35−0.40 0.22 0.32 0.19+0.00−0.00 0.27 0.33 0.36+0.07−0.06 0.38 0.00 0.71+0.10−0.09 0.56 0.03
(25,-62) 4.86 3.49+0.48−0.40 0.72 0.25 11.69+0.20−0.21 0.62 0.73 0.19+0.00−0.00 0.68 0.74 0.39+0.05−0.04 0.29 0.02 0.75+0.08−0.06 0.36 0.06
(-17,-89) 4.86 4.03+0.40−0.26 0.99 0.89 11.66+0.14−0.18 0.96 0.96 0.19+0.00−0.00 0.96 0.96 0.44+0.04−0.03 0.97 0.98 0.82+0.06−0.05 0.98 0.98
(-22,62) 4.86 3.04+0.60−0.60 0.14 0.00 11.59+0.38−0.31 0.25 0.12 0.19+0.00−0.00 0.18 0.12 0.35+0.08−0.09 0.11 0.00 0.69+0.12−0.13 0.17 0.00
G190.15-14.34 (122,-27) 5.27 3.32+0.66−0.48 0.74 0.05 15.03+0.85−0.83 0.37 0.50 0.21+0.01−0.01 0.43 0.50 0.31+0.04−0.04 0.97 1.00 0.66+0.05−0.06 0.74 0.98
(-18,-31) 5.29 3.38+0.71−0.61 0.88 0.09 14.93+0.96−0.87 0.67 0.45 0.21+0.01−0.01 0.55 0.44 0.33+0.07−0.06 0.41 0.51 0.68+0.10−0.08 0.27 0.45
(-340,-5) 5.29 4.03+0.53−0.42 0.84 0.65 15.04+0.80−0.73 0.29 0.25 0.21+0.01−0.01 0.27 0.25 0.42+0.07−0.05 0.30 0.16 0.82+0.10−0.08 0.32 0.26
G191.03-16.74 (-81,72) 3.69 2.49+0.42−0.44 0.55 0.07 13.44+0.92−1.09 0.00 0.00 0.20+0.01−0.01 0.00 0.00 0.23+0.03−0.02 0.11 0.02 0.53+0.04−0.04 0.56 0.23
(74,-80) 3.69 2.44+0.42−0.28 0.04 0.00 13.25+0.90−0.94 0.05 0.07 0.20+0.01−0.01 0.06 0.07 0.23+0.03−0.03 0.07 0.00 0.53+0.04−0.04 0.25 0.06
G192.12-10.90 (-39,-33) 7.33 4.36+0.74−0.71 0.92 0.68 17.04+0.73−0.73 0.82 0.63 0.23+0.00−0.00 0.73 0.63 0.28+0.02−0.02 0.02 0.00 0.63+0.03−0.03 0.01 0.02
(-212,-113) 7.33 5.09+1.12−1.00 0.75 0.09 17.99+0.85−0.55 0.34 0.19 0.23+0.01−0.00 0.26 0.19 0.33+0.05−0.05 0.29 0.05 0.70+0.08−0.07 0.38 0.13
(-326,-338) 7.81 5.65+0.64−0.57 0.75 0.31 19.61+1.47−1.64 0.48 0.39 0.24+0.01−0.01 0.43 0.39 0.34+0.02−0.02 0.43 0.52 0.72+0.03−0.04 0.36 0.42
G192.28-11.33 (240,-235) 9.60 6.37+1.66−1.21 0.08 0.01 20.11+1.49−1.47 0.24 0.47 0.25+0.01−0.01 0.34 0.47 0.34+0.07−0.07 0.09 0.02 0.74+0.10−0.10 0.14 0.07
(-164,-264) 9.96 6.48+1.32−1.02 0.22 0.00 21.15+1.91−1.83 0.25 0.12 0.25+0.01−0.01 0.17 0.12 0.33+0.03−0.02 0.46 0.12 0.72+0.05−0.04 0.62 0.39
(-7,-105) 10.04 7.21+0.94−0.83 0.28 0.00 19.38+2.47−2.48 0.01 0.08 0.24+0.02−0.02 0.04 0.08 0.40+0.04−0.04 0.49 0.04 0.81+0.06−0.05 0.45 0.08
– 39 –
– 40 –
Table 4. Derived parameters of the dense cores (First page of Table 4, the full table is only
available on line)
Name Deconvolved Size R Vlsr n MLT E Mvir MJ Remarks
(′′ × ′′(◦)) (pc) (km s−1) (103 cm−3) (M⊙) (M⊙) (M⊙)
G185.80-09.12 291×176(-42.8) 0.22 -2.8(0.1) 3.2 9.6 18.4 12.6
313×105(-7.6) 0.18 -2.3(0.1) 3.1 4.8 11.1 8.4
G190.08-13.51 577×429(75.8) 0.54 1.2(0.2) 1.4 65.6 63.8 31.1
829×322(-25.5) 0.56 1.3(0.2) 1.4 70.8 73.9 38.3
153×121(-39.4) 0.15 1.3(0.1) 5.3 4.9 23.3 26.5
627×504(4.1) 0.61 1.4(0.3) 1.3 83.8 68.0 30.9
G190.15-14.34 332×223(85.3) 0.30 1.5(0.2) 2.9 21.3 30.1 17.2
518×293(80.0) 0.42 1.4(0.1) 2.0 43.8 45.8 23.4
293×160(78.6) 0.24 1.5(0.2) 3.6 13.5 37.0 30.2
G191.03-16.74 447×345(-65.9) 0.43 1.8(0.1) 1.4 31.0 28.0 13.3
440×397(33.6) 0.46 1.7(0.2) 1.3 35.2 29.8 13.7
G192.12-10.90 948×337(51.4) 0.62 10.0(0.1) 1.9 127.7 57.0 19.0
302×265(85.9) 0.31 9.8(0.1) 3.8 32.0 35.2 18.4
339×192(7.5) 0.28 9.7(0.1) 4.5 27.7 33.6 18.8
G192.28-11.33 336×255(-77.8) 0.32 10.1(0.2) 4.9 44.9 40.7 18.9
476×275(63.7) 0.39 10.4(0.1) 4.1 71.1 47.7 19.5
707×452(-70.7) 0.62 10.3(0.1) 2.6 175.0 94.3 34.7
G192.54-11.56 605×302(11.3) 0.47 10.5(0.1) 3.9 112.2 53.2 18.4
G194.69-16.84 205×139(66.2) 0.18 -2.1(0.1) 3.0 5.3 12.1 8.5
361×237(49.1) 0.32 -2.1(0.2) 1.7 16.0 22.5 14.0
188×99(70.7) 0.15 -2.1(0.1) 2.1 1.9 6.4 5.4
G195.09-16.41 534×309(59.3) 0.44 -0.4(0.4) 3.5 86.0 105.3 58.8
679×341(-62.3) 0.52 -0.2(0.4) 2.8 115.9 112.7 56.5
G195.00-16.95 611×430(10.5) 0.56 -2.2(0.3) 1.4 69.8 55.0 24.5
613×449(-82.7) 0.57 -2.2(0.2) 1.5 79.1 56.3 23.8
– 41 –
6. Appendix: On line images and tables
– 42 –
Fig. 2.— The contours represent the column density distribution. The contour levels are from
10% to 90% in steps of 10% of the peak value. The image in color scale shows the distribution of








Fig. 3.— The contours represent the column density distribution. The contour levels are from 10%
to 90% in steps of 10% of the peak value. The first momentum maps of 13CO (1-0) emission are








Fig. 4.— The contours represent the column density distribution. The contour levels are from 10%
to 90% in steps of 10% of the peak value. The second momentum (velocity dispersion) maps of











Table 1. The parameters of the Planck cold clumps surveyed
Name Glon Glat Ra(J2000) Dec(J2000) Ra(B1950) Dec(B1950) Vlsr apflux857 Remarksa
(◦) (◦) (h m s) (d m s) (h m s) (d m s) (km s−1) (Jy)
G180.81-19.66 180.81297 -19.669159 04 37 26.49 +16 59 01.22 04 34 33.78 +16 53 02.05 8.91 102.8 DNe
G185.80-09.12 185.80077 -9.1214981 05 25 22.61 +19 10 27.12 05 22 25.97 +19 07 49.92 -2.75 74.9 smm
G190.08-13.51 190.08543 -13.516411 05 19 28.71 +13 15 43.32 05 16 39.53 +13 12 40.97 1.28 72.9 DNe,Cld
G190.15-14.34 190.15135 -14.342709 05 16 45.83 +12 45 44.57 05 13 57.29 +12 42 30.58 1.32 108.8
G191.03-16.74 191.03026 -16.743393 05 10 23.30 +10 45 03.71 05 07 37.24 +10 41 22.53 1.75 46.0 PoC
G192.12-10.90 192.12889 -10.901871 05 32 55.83 +12 57 08.60 05 30 06.88 +12 55 04.38 10.02 200.7 IRAS 05300+1253, smm
G192.28-11.33 192.2827 -11.339053 05 31 43.36 +12 35 44.79 05 28 54.85 +12 33 35.35 10.13 278.1 Cld,DNe,PoC
G192.54-11.56 192.54637 -11.567412 05 31 28.55 +12 15 22.39 05 28 40.45 +12 13 11.90 10.21 208.2 DNe
G194.69-16.84 194.69969 -16.840801 05 17 37.50 +07 43 26.85 05 14 54.91 +07 40 16.77 -2.41 53.8 IRAS 05150+0739
G194.94-16.74 194.94139 -16.743393 05 18 26.83 +07 34 38.62 05 15 44.40 +07 31 32.08 -1.81 80.7 DNe,PoC
G195.09-16.41 195.0952 -16.412575 05 19 53.82 +07 37 24.15 05 17 11.32 +07 34 23.84 -0.1 87.8 DNe
G195.00-16.95 195.00731 -16.957758 05 17 50.47 +07 24 43.08 05 15 08.24 +07 21 33.94 -1.81 155.7 PoC
G196.21-15.50 196.21581 -15.50084 05 25 17.29 +07 10 11.87 05 22 35.29 +07 07 34.82 3.76 36.3 PoC,MoC
G198.03-15.24 198.03954 -15.249377 05 29 45.07 +05 46 55.24 05 27 04.67 +05 44 37.55 0.01 170.9 DNe,MoC
G198.56-09.10 198.56688 -9.1026087 05 52 17.25 +08 23 18.98 05 49 33.69 +08 22 39.30 11.42 129.5 DNe
G200.34-10.97 200.34666 -10.977856 05 49 08.80 +05 56 35.00 05 46 28.14 +05 55 41.71 13.56 153.8 IRAS 05464+0554, DNe, PoC
G202.21-09.17 202.21434 -9.1781721 05 59 02.91 +05 12 05.39 05 56 23.10 +05 11 55.41 8.85 81.4 IRAS 05561+0514
G202.30-08.91a 202.30223 -8.9137697 06 00 08.88 +05 15 06.16 05 57 29.01 +05 15 00.98 9.18 197.1 IRAS 05573+0514,DNe,Cld
G202.30-08.91b 202.30223 -8.9137697 06 00 08.88 +05 15 06.16 05 57 29.01 +05 15 00.98 11.95 197.1 IRAS 05573+0514, DNe,Cld
G203.11-08.70 203.11522 -8.7061596 06 02 25.08 +04 38 39.70 05 59 45.93 +04 38 44.47 9.75 62.6 Rad, DNe
G203.20-11.20 203.20311 -11.205928 05 53 46.20 +03 22 38.79 05 51 08.53 +03 22 05.80 10.56 319.7 Cld,IRAS 05510+0321, DNe, IRAS 05513+0322
G203.75-08.49 203.75243 -8.4986649 06 04 20.98 +04 11 17.07 06 01 42.36 +04 11 30.31 11.64 69.3 IRAS 06018+0412, DNe





Name Glon Glat Ra(J2000) Dec(J2000) Ra(B1950) Dec(B1950) Vlsr apflux857 Remarksa
(◦) (◦) (h m s) (d m s) (h m s) (d m s) (km s−1) (Jy)
G205.29-06.01 205.29051 -6.0166588 06 16 00.65 +04 00 29.07 06 13 22.24 +04 01 33.28 11.4 102.4 IRAS 06134+0401, DNe
G206.05-08.36 206.05956 -8.3666811 06 09 06.85 +02 14 08.74 06 06 30.51 +02 14 42.90 10.34 59.4 IRAS 06063+0215
G206.10-15.77a 206.1035 -15.771989 05 43 00.61 -01 16 00.53 05 40 28.37 -01 17 20.30 2.3 407.1 IRAS 05405-0117, smm, PoC
G206.10-15.77b 206.1035 -15.771989 05 43 00.61 -01 16 00.53 05 40 28.37 -01 17 20.30 9.2 407.1 IRAS 05405-0117, smm, PoC
G206.21-08.42 206.21336 -8.4232397 06 09 11.90 +02 04 29.29 06 06 35.75 +02 05 03.82 9.09 111.7 DNe
G206.34-08.57a 206.3452 -8.5741043 06 08 54.46 +01 53 20.73 06 06 18.53 +01 53 53.99 9.07 152.5 IRAS 06058+0156
G206.34-08.57b 206.3452 -8.5741043 06 08 54.46 +01 53 20.73 06 06 18.53 +01 53 53.99 10.28 152.5 IRAS 06058+0156
G206.54-14.45 206.54295 -14.458244 05 48 27.03 -01 01 42.28 05 45 54.51 -01 02 38.31 5.03 193.8 DNe
G206.87-04.36 206.87254 -4.3685532 06 24 47.70 +03 22 44.35 06 22 10.04 +03 24 26.86 9.48 90.8 DNe
G207.35-19.82 207.35594 -19.827692 05 30 50.16 -04 12 16.22 05 28 21.33 -04 14 28.80 11.31 290.0 DNe
G208.56+02.36 208.56444 2.3693533 06 51 55.20 +04 57 58.38 06 49 15.77 +05 01 37.83 9.41 73.1 MoC
G210.30-00.03 210.30028 -0.037296999 06 46 30.11 +02 19 29.76 06 43 53.69 +02 22 46.14 36.47 37.2 IRAS 06439+0221
G214.69-19.94 214.69481 -19.946693 05 42 43.77 -10 26 42.40 05 40 22.34 -10 28 03.00 2.57 114.5 IRAS 05403-1026
G215.00-15.13 215.00243 -15.13342 06 00 51.24 -08 37 54.08 05 58 27.66 -08 37 55.58 12.51 31.2
G215.41-16.39 215.41991 -16.393131 05 56 57.94 -09 32 27.84 05 54 35.45 -09 32 46.30 11.57 99.3 DNe
G215.70-15.05 215.70555 -15.056149 06 02 20.00 -09 12 32.57 05 59 57.10 -09 12 27.57 12.75 70.6 IRAS 06000-0912
G215.88-17.58 215.88133 -17.582769 05 53 22.51 -10 27 04.58 05 51 01.10 -10 27 38.70 9.81 167.3 IRAS 05509-1027,IRAS 05510-1025
G215.92-15.32 215.92528 -15.326718 06 01 43.10 -09 31 03.11 05 59 20.57 -09 31 00.79 14.05 80.1 DNe
G216.01-15.94 216.01317 -15.94649 05 59 35.96 -09 51 42.95 05 57 13.85 -09 51 49.88 11.85 177.2
G216.18-15.24 216.18895 -15.249377 06 02 26.88 -09 42 47.78 06 00 04.59 -09 42 42.26 13.25 216.7 IRAS 06001-0942
G216.32-15.71 216.32079 -15.713855 06 00 58.21 -10 01 42.75 05 58 36.30 -10 01 43.68 12.13 294.4 IRAS 05586-1000
G216.76-16.06 216.76024 -16.062908 06 00 25.70 -10 33 36.89 05 58 04.43 -10 33 40.16 4.17 86.2 IRAS 05580-1034





Name Glon Glat Ra(J2000) Dec(J2000) Ra(B1950) Dec(B1950) Vlsr apflux857 Remarksa
(◦) (◦) (h m s) (d m s) (h m s) (d m s) (km s−1) (Jy)
G217.46-13.78 217.46336 -13.785115 06 09 58.63 -10 11 29.99 06 07 36.91 -10 10 51.53 9.48 49.1
G217.41-13.93 217.41942 -13.938799 06 09 20.35 -10 13 10.98 06 06 58.65 -10 12 35.31 9.15 56.4 IRAS 06068-1010
G217.70-16.12 217.70506 -16.121143 06 01 47.69 -11 24 20.97 05 59 27.45 -11 24 18.23 4.77 65.5 DNe
G219.28-09.27 219.28709 -9.2726498 06 29 38.11 -09 49 42.79 06 27 15.85 -09 47 38.70 12.57 129.5
G219.26-17.89 219.26512 -17.896084 05 57 46.15 -13 30 21.06 05 55 28.48 -13 30 35.83 9.3 133.1 IRAS 05555-1329,DNe
G219.30-08.15 219.30907 -8.1593685 06 33 43.52 -09 21 21.75 06 31 20.67 -09 18 59.95 10.68 74.0 DNe,Cld,MoC
G222.23+01.21 222.23143 1.2124084 07 12 51.67 -07 42 31.52 07 10 26.50 -07 37 23.25 28.6 162.7
G224.27-00.82 224.27489 -0.82066578 07 09 23.04 -10 27 37.71 07 07 01.06 -10 22 43.84 14.45 726.2 IRAS 07070-1024,IRAS 07069-1026
aSimbad identifiers within 5′. DNe: Dark Cloud (nebula); smm: sub-millimetric source; Cld: Cloud; PoC: Part of Cloud; Rad: Radio-source; RNe: Reflection




Table 2. Derived parameters of gas emission over the whole clouds
Name NH2 Tex σT herm σNT σ3D
mean P-value mean P-value mean P-value mean P-value mean P-value
(1021 cm−2) normal lognormal (K) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal
G180.81-19.66 2.10+0.39−0.32 0.16 0.00 12.23
+0.53
−0.55 0.77 0.76 0.19
+0.00
−0.00 0.79 0.76 0.19
+0.02
−0.03 0.00 0.00 0.47
+0.02
−0.04 0.00 0.00
G185.80-09.12 2.11+0.66−0.79 0.51 0.28 12.67
+0.93
−1.06 0.09 0.33 0.20
+0.01
−0.01 0.18 0.33 0.22
+0.07
−0.05 0.47 0.01 0.52
+0.09
−0.08 0.07 0.31
G190.08-13.51 2.45+0.68−0.64 0.00 0.10 11.88
+0.44
−0.54 0.00 0.01 0.19
+0.00
−0.00 0.00 0.01 0.30
+0.09
−0.09 0.03 0.00 0.63
+0.12
−0.14 0.00 0.09
G190.15-14.34 2.85+0.82−0.79 0.15 0.01 14.34
+1.13
−1.09 0.20 0.07 0.21
+0.01
−0.01 0.14 0.07 0.29
+0.05
−0.07 0.16 0.01 0.63
+0.08
−0.10 0.01 0.47
G191.03-16.74 2.25+0.52−0.57 0.12 0.00 13.74
+0.92
−1.11 0.36 0.04 0.20
+0.01
−0.01 0.13 0.04 0.21
+0.04
−0.04 0.01 0.00 0.52
+0.05
−0.05 0.56 0.12
G192.12-10.90 4.14+1.13−1.23 0.02 0.02 17.23
+1.23
−1.38 0.04 0.29 0.23
+0.01
−0.01 0.11 0.28 0.28
+0.05
−0.05 0.00 0.11 0.62
+0.08
−0.08 0.00 0.01
G192.28-11.33 5.66+1.35−1.41 0.06 0.00 18.90
+1.37
−2.04 0.02 0.01 0.24
+0.01
−0.01 0.02 0.01 0.35
+0.06
−0.05 0.05 0.00 0.74
+0.08
−0.07 0.04 0.00
G192.54-11.56 5.33+0.58−1.34 0.00 0.01 21.12
+0.79
−2.25 0.00 0.00 0.25
+0.01
−0.01 0.00 0.00 0.28
+0.03
−0.03 0.59 0.10 0.65
+0.04
−0.04 0.73 0.79
G194.69-16.84 1.87+0.58−0.65 0.27 0.12 10.98
+0.73
−0.73 0.52 0.27 0.18
+0.01
−0.01 0.39 0.27 0.21
+0.04
−0.04 0.07 0.00 0.49
+0.06
−0.07 0.36 0.10
G194.94-16.74 3.75+0.84−1.05 0.02 0.15 15.07
+0.95
−0.91 0.16 0.02 0.21
+0.01
−0.01 0.06 0.02 0.33
+0.05
−0.05 0.34 0.00 0.68
+0.07
−0.08 0.87 0.29
G195.09-16.41 5.47+1.49−1.56 0.05 0.00 15.85
+0.76
−0.95 0.14 0.14 0.22
+0.01
−0.01 0.26 0.14 0.47
+0.08
−0.09 0.05 0.00 0.91
+0.12
−0.15 0.02 0.25
G195.00-16.95 3.09+0.66−0.71 0.10 0.02 14.21
+0.71
−0.66 0.56 0.36 0.21
+0.01
−0.00 0.52 0.35 0.29
+0.06
−0.05 0.21 0.00 0.62
+0.08
−0.07 0.11 0.04
G196.21-15.50 2.22+0.74−0.79 0.41 0.03 14.38
+0.75
−0.74 0.74 0.44 0.21
+0.01
−0.01 0.59 0.44 0.27
+0.10
−0.09 0.74 0.06 0.62
+0.13
−0.13 0.20 0.45
G198.03-15.24 2.26+0.68−0.65 0.31 0.01 14.06
+0.80
−0.73 0.48 0.15 0.21
+0.01
−0.01 0.32 0.16 0.22
+0.05
−0.05 0.69 0.01 0.52
+0.06
−0.07 0.44 0.38
G198.56-09.10 3.67+0.72−0.75 0.31 0.00 14.01
+0.98
−0.56 0.00 0.00 0.21
+0.01
−0.00 0.00 0.00 0.37
+0.05
−0.06 0.03 0.00 0.74
+0.08
−0.10 0.02 0.01
G200.34-10.97 2.34+0.74−0.71 0.69 0.01 12.63
+0.97
−0.70 0.35 0.06 0.20
+0.01
−0.01 0.17 0.06 0.22
+0.04
−0.05 0.01 0.00 0.52
+0.06
−0.06 0.13 0.01
G202.21-09.17 2.34+0.75−0.74 0.04 0.00 11.40
+0.71
−0.82 0.38 0.33 0.19
+0.01
−0.01 0.62 0.33 0.29
+0.09
−0.08 0.01 0.00 0.61
+0.13
−0.13 0.01 0.00
G202.30-08.91a 2.94+0.80−0.91 0.11 0.00 11.38
+2.37
−2.26 0.01 0.00 0.18
+0.02
−0.02 0.00 0.00 0.35
+0.10
−0.10 0.22 0.01 0.70
+0.14
−0.16 0.06 0.60
G202.30-08.91b 0.90+0.24−0.30 0.53 0.04 11.36
+0.93
−0.61 0.18 0.02 0.19
+0.01
−0.00 0.07 0.02 0.13
+0.04
−0.06 0.03 0.00 0.39
+0.03
−0.04 0.24 0.24
G203.11-08.70 1.60+0.44−0.49 0.73 0.00 10.28
+0.93
−0.98 0.49 0.50 0.18
+0.01
−0.01 0.55 0.50 0.23
+0.07
−0.09 0.12 0.00 0.51
+0.09
−0.13 0.00 0.38
G203.20-11.20 3.32+0.85−0.90 0.75 0.02 11.62
+1.05
−1.05 0.07 0.51 0.19
+0.01
−0.01 0.22 0.51 0.32
+0.06







Name NH2 Tex σT herm σNT σ3D
mean P-value mean P-value mean P-value mean P-value mean P-value
(1021 cm−2) normal lognormal (K) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal
G203.75-08.49 1.88+0.50−0.63 0.01 0.51 9.93
+0.43
−0.36 0.33 0.12 0.17
+0.00
−0.00 0.20 0.12 0.24
+0.07
−0.07 0.10 0.01 0.52
+0.10
−0.10 0.01 0.36
G204.82-13.88 9.52+2.67−2.55 0.00 0.00 19.49
+1.28
−1.22 0.76 0.23 0.24
+0.01
−0.01 0.46 0.23 0.57
+0.12
−0.10 0.00 0.00 1.08
+0.18
−0.16 0.00 0.00
G205.29-06.01 1.78+0.51−0.59 0.12 0.03 10.41
+0.96
−0.89 0.05 0.01 0.18
+0.01
−0.01 0.03 0.01 0.24
+0.06
−0.07 0.96 0.00 0.52
+0.09
−0.10 0.30 0.85
G206.05-08.36 1.51+0.20−0.19 0.54 0.16 9.23
+0.33
−0.32 0.93 0.91 0.17
+0.00
−0.00 0.92 0.91 0.17
+0.03
−0.03 0.39 0.09 0.42
+0.03
−0.04 0.45 0.60
G206.10-15.77a 6.15+0.86−1.10 0.00 0.07 14.16
+1.12
−1.17 0.05 0.05 0.21
+0.01
−0.01 0.07 0.05 0.49
+0.06
−0.05 0.06 0.00 0.92
+0.10
−0.08 0.20 0.00
G206.10-15.77b 6.68+0.93−1.18 0.01 0.27 15.98
+0.82
−1.10 0.00 0.00 0.22
+0.01
−0.01 0.00 0.00 0.76
+0.17
−0.19 0.35 0.08 1.37
+0.28
−0.33 0.28 0.21
G206.21-08.42 2.34+0.56−0.63 0.00 0.69 9.86
+0.38
−0.43 0.00 0.02 0.17
+0.00
−0.00 0.01 0.02 0.37
+0.05
−0.16 0.00 0.00 0.72
+0.06
−0.26 0.00 0.00
G206.34-08.57a 1.06+0.25−0.23 0.00 0.00 9.52
+1.09
−0.73 0.00 0.00 0.17
+0.01
−0.01 0.00 0.00 0.16
+0.05
−0.04 0.20 0.00 0.41
+0.06
−0.07 0.04 0.42
G206.34-08.57b 1.39+0.30−0.30 0.25 0.00 10.35
+0.49
−0.46 0.15 0.06 0.18
+0.00
−0.00 0.10 0.06 0.37
+0.08
−0.09 0.32 0.05 0.71
+0.12
−0.14 0.13 0.83
G206.54-14.45 4.56+1.06−1.10 0.04 0.00 10.66
+0.38
−0.62 0.00 0.00 0.18
+0.00
−0.01 0.00 0.00 0.79
+0.21
−0.17 0.00 0.00 1.41
+0.34
−0.29 0.01 0.00
G206.87-04.36 2.55+0.51−0.61 0.17 0.70 11.90
+0.56
−0.47 0.44 0.23 0.19
+0.00
−0.00 0.33 0.23 0.38
+0.13
−0.14 0.63 0.03 0.76
+0.20
−0.22 0.23 0.81
G207.35-19.82 8.20+2.38−2.42 0.03 0.07 19.17
+1.54
−1.26 0.01 0.00 0.24
+0.01
−0.01 0.00 0.00 0.54
+0.10
−0.10 0.10 0.08 1.04
+0.15
−0.16 0.07 0.49
G208.56+02.36 1.41+0.35−0.39 0.18 0.02 10.83
+1.11
−0.98 0.00 0.00 0.18
+0.01
−0.01 0.00 0.00 0.22
+0.03
−0.08 0.00 0.03 0.51
+0.03
−0.11 0.00 0.00
G210.30-00.03 1.60+0.42−0.55 0.03 0.86 8.37
+0.37
−0.40 0.71 0.91 0.16
+0.00
−0.00 0.81 0.91 0.22
+0.07
−0.09 0.70 0.07 0.49
+0.09
−0.12 0.65 0.64
G214.69-19.94 1.84+0.57−0.56 0.00 0.00 9.46
+0.63
−0.72 0.02 0.04 0.17
+0.01
−0.01 0.03 0.04 0.24
+0.05
−0.07 0.00 0.00 0.52
+0.07
−0.10 0.00 0.02
G215.00-15.13 0.47+0.20−0.23 0.79 0.33 7.35
+1.17
−1.02 0.17 0.47 0.15
+0.01
−0.01 0.36 0.47 0.15
+0.02
−0.04 0.12 0.00 0.38
+0.03
−0.06 0.19 0.03
G215.41-16.39 1.72+0.53−0.62 0.08 0.00 10.33
+0.44
−0.64 0.03 0.12 0.18
+0.00
−0.01 0.06 0.12 0.23
+0.06
−0.06 0.10 0.00 0.51
+0.08
−0.10 0.03 0.34
G215.70-15.05 0.98+0.15−0.21 0.01 0.04 9.11
+0.61
−0.56 0.00 0.01 0.17
+0.01
−0.00 0.01 0.02 0.10
+0.02
−0.04 0.05 0.12 0.35
+0.01
−0.03 0.02 0.10
G215.88-17.58 3.26+0.87−1.01 0.00 0.05 12.53
+0.83
−1.24 0.03 0.22 0.19
+0.01
−0.01 0.09 0.22 0.34
+0.07
−0.07 0.22 0.03 0.68
+0.10
−0.11 0.24 0.04
G215.92-15.32 2.56+0.34−0.61 0.00 0.25 9.78
+0.39
−0.42 0.02 0.07 0.17
+0.00
−0.00 0.04 0.07 0.41
+0.14
−0.19 0.00 0.41 0.79
+0.20
−0.31 0.00 0.30
G216.01-15.94 2.70+0.71−0.73 0.34 0.00 9.88
+0.52
−0.51 0.89 0.41 0.17
+0.00
−0.00 0.67 0.41 0.41
+0.11







Name NH2 Tex σT herm σNT σ3D
mean P-value mean P-value mean P-value mean P-value mean P-value
(1021 cm−2) normal lognormal (K) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal
G216.18-15.24 3.11+0.58−0.64 0.86 0.00 10.70
+0.52
−1.17 0.00 0.00 0.18
+0.00
−0.01 0.00 0.00 0.50
+0.09
−0.12 0.00 0.00 0.94
+0.14
−0.20 0.00 0.00
G216.32-15.71 3.73+0.84−0.77 0.01 0.00 10.70
+0.55
−0.49 0.00 0.00 0.18
+0.00
−0.00 0.00 0.00 0.50
+0.12
−0.12 0.26 0.00 0.93
+0.20
−0.19 0.09 0.01
G216.76-16.06 2.04+0.63−0.55 0.00 0.01 11.30
+1.12
−1.10 0.02 0.00 0.18
+0.01
−0.01 0.00 0.00 0.23
+0.07
−0.07 0.58 0.00 0.53
+0.09
−0.11 0.03 0.20
G217.13-12.54 2.11+0.29−0.38 0.00 0.08 9.56
+0.36
−0.42 0.05 0.22 0.17
+0.00
−0.00 0.10 0.22 0.25
+0.02
−0.07 0.00 0.00 0.53
+0.02
−0.10 0.00 0.00
G217.46-13.78 1.43+0.30−0.32 0.14 0.02 11.02
+0.56
−0.59 0.77 0.41 0.18
+0.00
−0.00 0.66 0.43 0.18
+0.04
−0.04 0.16 0.00 0.45
+0.04
−0.06 0.01 0.47
G217.41-13.93 1.29+0.32−0.34 0.54 0.00 11.53
+0.56
−0.65 0.11 0.39 0.19
+0.00
−0.01 0.21 0.38 0.18
+0.04
−0.06 0.02 0.00 0.46
+0.04
−0.08 0.00 0.08
G217.70-16.12 0.92+0.20−0.26 0.91 0.19 8.12
+0.73
−0.79 0.29 0.77 0.16
+0.01
−0.01 0.51 0.78 0.15
+0.03
−0.04 0.15 0.16 0.39
+0.04
−0.05 0.29 0.70
G219.28-09.27 3.13+0.68−0.79 0.00 0.90 11.23
+1.27
−1.31 0.00 0.00 0.18
+0.01
−0.01 0.00 0.00 0.41
+0.12
−0.13 0.06 0.00 0.79
+0.18
−0.21 0.02 0.00
G219.26-17.89 1.92+0.43−0.47 0.26 0.00 9.97
+0.60
−0.56 0.72 0.42 0.17
+0.01
−0.00 0.55 0.42 0.24
+0.05
−0.06 0.00 0.00 0.53
+0.07
−0.08 0.00 0.00
G219.30-08.15 1.22+0.43−0.44 0.12 0.11 10.33
+0.57
−0.56 0.27 0.50 0.18
+0.01
−0.00 0.45 0.49 0.16
+0.05
−0.04 0.40 0.09 0.42
+0.05
−0.06 0.17 0.44
G222.23+01.21 2.25+0.54−0.60 0.99 0.01 9.95
+0.32
−0.43 0.00 0.01 0.17
+0.00
−0.00 0.00 0.01 0.30
+0.08
−0.08 0.91 0.00 0.62
+0.12
−0.13 0.46 0.46
G224.27-00.82 6.12+1.45−1.54 0.13 0.06 13.58
+0.67
−1.07 0.00 0.00 0.20
+0.01
−0.01 0.00 0.00 0.75
+0.14
−0.16 0.00 0.00 1.35
+0.22
−0.27 0.00 0.14




Table 3. Derived parameters of the dense cores
Name Offset NH2 Tex σT herm σNT σ3D
max mean P-value mean P-value mean P-value mean P-value mean P-value
(′′, ′′) (1021 cm−2) (1021 cm−2) normal lognormal (K) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal
G185.80-09.12 (-69,-19) 4.37 2.95+0.72−0.31 0.47 0.02 13.10+0.91−0.92 0.21 0.32 0.20+0.01−0.01 0.26 0.32 0.28+0.05−0.04 0.22 0.03 0.60+0.06−0.05 0.30 0.11
(-134,290) 3.36 2.25+0.62−0.61 0.90 0.90 11.89+0.51−0.35 0.48 0.42 0.19+0.00−0.00 0.45 0.42 0.23+0.06−0.04 0.86 0.61 0.52+0.08−0.06 0.87 0.91
G190.08-13.51 (110,106) 4.86 3.11+0.64−0.67 0.12 0.00 11.91+0.35−0.40 0.22 0.32 0.19+0.00−0.00 0.27 0.33 0.36+0.07−0.06 0.38 0.00 0.71+0.10−0.09 0.56 0.03
(25,-62) 4.86 3.49+0.48−0.40 0.72 0.25 11.69+0.20−0.21 0.62 0.73 0.19+0.00−0.00 0.68 0.74 0.39+0.05−0.04 0.29 0.02 0.75+0.08−0.06 0.36 0.06
(-17,-89) 4.86 4.03+0.40−0.26 0.99 0.89 11.66+0.14−0.18 0.96 0.96 0.19+0.00−0.00 0.96 0.96 0.44+0.04−0.03 0.97 0.98 0.82+0.06−0.05 0.98 0.98
(-22,62) 4.86 3.04+0.60−0.60 0.14 0.00 11.59+0.38−0.31 0.25 0.12 0.19+0.00−0.00 0.18 0.12 0.35+0.08−0.09 0.11 0.00 0.69+0.12−0.13 0.17 0.00
G190.15-14.34 (122,-27) 5.27 3.32+0.66−0.48 0.74 0.05 15.03+0.85−0.83 0.37 0.50 0.21+0.01−0.01 0.43 0.50 0.31+0.04−0.04 0.97 1.00 0.66+0.05−0.06 0.74 0.98
(-18,-31) 5.29 3.38+0.71−0.61 0.88 0.09 14.93+0.96−0.87 0.67 0.45 0.21+0.01−0.01 0.55 0.44 0.33+0.07−0.06 0.41 0.51 0.68+0.10−0.08 0.27 0.45
(-340,-5) 5.29 4.03+0.53−0.42 0.84 0.65 15.04+0.80−0.73 0.29 0.25 0.21+0.01−0.01 0.27 0.25 0.42+0.07−0.05 0.30 0.16 0.82+0.10−0.08 0.32 0.26
G191.03-16.74 (-81,72) 3.69 2.49+0.42−0.44 0.55 0.07 13.44+0.92−1.09 0.00 0.00 0.20+0.01−0.01 0.00 0.00 0.23+0.03−0.02 0.11 0.02 0.53+0.04−0.04 0.56 0.23
(74,-80) 3.69 2.44+0.42−0.28 0.04 0.00 13.25+0.90−0.94 0.05 0.07 0.20+0.01−0.01 0.06 0.07 0.23+0.03−0.03 0.07 0.00 0.53+0.04−0.04 0.25 0.06
G192.12-10.90 (-39,-33) 7.33 4.36+0.74−0.71 0.92 0.68 17.04+0.73−0.73 0.82 0.63 0.23+0.00−0.00 0.73 0.63 0.28+0.02−0.02 0.02 0.00 0.63+0.03−0.03 0.01 0.02
(-212,-113) 7.33 5.09+1.12−1.00 0.75 0.09 17.99+0.85−0.55 0.34 0.19 0.23+0.01−0.00 0.26 0.19 0.33+0.05−0.05 0.29 0.05 0.70+0.08−0.07 0.38 0.13
(-326,-338) 7.81 5.65+0.64−0.57 0.75 0.31 19.61+1.47−1.64 0.48 0.39 0.24+0.01−0.01 0.43 0.39 0.34+0.02−0.02 0.43 0.52 0.72+0.03−0.04 0.36 0.42
G192.28-11.33 (240,-235) 9.60 6.37+1.66−1.21 0.08 0.01 20.11+1.49−1.47 0.24 0.47 0.25+0.01−0.01 0.34 0.47 0.34+0.07−0.07 0.09 0.02 0.74+0.10−0.10 0.14 0.07
(-164,-264) 9.96 6.48+1.32−1.02 0.22 0.00 21.15+1.91−1.83 0.25 0.12 0.25+0.01−0.01 0.17 0.12 0.33+0.03−0.02 0.46 0.12 0.72+0.05−0.04 0.62 0.39
(-7,-105) 10.04 7.21+0.94−0.83 0.28 0.00 19.38+2.47−2.48 0.01 0.08 0.24+0.02−0.02 0.04 0.08 0.40+0.04−0.04 0.49 0.04 0.81+0.06−0.05 0.45 0.08
G192.54-11.56 (-26,-279) 11.26 7.79+1.70−1.78 0.17 0.05 25.62+3.15−2.94 0.13 0.32 0.28+0.02−0.02 0.22 0.32 0.29+0.05−0.05 0.11 0.19 0.70+0.05−0.04 0.41 0.24
G194.69-16.84 (65,-124) 3.40 2.34+0.60−0.45 0.47 0.08 12.10+0.56−0.33 0.56 0.41 0.19+0.00−0.00 0.48 0.41 0.23+0.03−0.03 0.11 0.04 0.53+0.05−0.04 0.20 0.11
(37,54) 3.43 2.53+0.42−0.33 0.30 0.16 11.40+0.53−0.43 0.21 0.12 0.19+0.00−0.00 0.16 0.12 0.26+0.04−0.02 0.10 0.01 0.55+0.05−0.03 0.21 0.21





Name Offset NH2 Tex σT herm σNT σ3D
max mean P-value mean P-value mean P-value mean P-value mean P-value
(′′, ′′) (1021 cm−2) (1021 cm−2) normal lognormal (K) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal
G195.09-16.41 (-26,15) 9.56 7.40+0.87−0.52 0.02 0.00 15.89+0.29−0.46 0.09 0.15 0.22+0.00−0.00 0.12 0.15 0.54+0.07−0.05 0.61 0.08 1.01+0.11−0.09 0.77 0.30
(31,-106) 9.18 6.64+1.26−0.83 0.16 0.01 15.58+0.61−0.52 0.40 0.22 0.22+0.00−0.00 0.30 0.22 0.51+0.07−0.05 0.77 0.09 0.96+0.11−0.08 0.88 0.32
G195.00-16.95 (30,99) 4.87 3.26+0.59−0.59 0.35 0.05 13.97+0.66−0.52 0.11 0.04 0.21+0.00−0.00 0.07 0.04 0.31+0.05−0.05 0.49 0.06 0.65+0.07−0.07 0.57 0.18
(-51,-147) 5.27 3.37+0.55−0.55 0.71 0.07 14.36+0.47−0.53 0.21 0.42 0.21+0.00−0.00 0.30 0.42 0.31+0.04−0.05 0.36 0.04 0.65+0.06−0.07 0.08 0.18
G196.21-15.50 (-79,5) 4.80 3.06+0.68−0.70 0.96 0.70 14.47+0.61−0.73 0.60 0.45 0.21+0.00−0.01 0.53 0.46 0.32+0.09−0.09 0.64 0.18 0.68+0.12−0.12 0.84 0.40
(104,126) 3.76 2.75+0.48−0.51 0.94 0.87 15.10+0.41−0.43 0.87 0.90 0.21+0.00−0.00 0.89 0.90 0.31+0.06−0.07 0.97 0.91 0.65+0.09−0.10 0.94 0.88
(265,85) 3.86 2.53+0.64−0.64 0.86 0.52 14.57+0.47−0.45 0.99 1.00 0.21+0.00−0.00 1.00 1.00 0.30+0.09−0.08 0.83 0.34 0.66+0.12−0.12 0.98 0.83
G198.03-15.24 (-174,308) 4.37 2.87+0.66−0.60 0.74 0.15 14.35+0.66−0.68 0.89 0.76 0.21+0.00−0.00 0.83 0.77 0.24+0.04−0.03 0.51 0.08 0.55+0.06−0.05 0.60 0.34
(8,-94) 3.93 2.61+0.59−0.58 0.23 0.04 14.16+0.53−0.56 0.85 0.91 0.21+0.00−0.00 0.89 0.91 0.24+0.04−0.04 0.54 0.21 0.55+0.04−0.06 0.69 0.59
G198.56-09.10 (111,-72) 6.43 4.46+0.77−0.49 0.15 0.00 13.84+0.97−0.32 0.00 0.00 0.20+0.01−0.00 0.00 0.00 0.38+0.05−0.03 0.09 0.00 0.74+0.07−0.04 0.04 0.00
G200.34-10.97 (12,196) 3.48 2.40+0.46−0.46 0.35 0.01 12.15+0.39−0.41 0.13 0.05 0.19+0.00−0.00 0.08 0.05 0.24+0.04−0.03 0.10 0.02 0.54+0.06−0.04 0.09 0.03
(-52,115) 3.48 2.36+0.54−0.41 0.14 0.00 12.38+0.95−0.44 0.10 0.02 0.19+0.01−0.00 0.04 0.02 0.23+0.03−0.02 0.10 0.00 0.52+0.03−0.03 0.16 0.08
(13,-88) 4.67 3.55+0.53−0.44 0.52 0.50 13.89+0.47−0.57 0.94 0.93 0.21+0.00−0.00 0.94 0.93 0.28+0.05−0.05 0.87 0.78 0.61+0.06−0.06 0.49 0.82
G202.21-09.17 (-22,145) 3.94 2.82+0.50−0.29 0.33 0.00 11.65+0.57−0.43 0.20 0.09 0.19+0.00−0.00 0.14 0.09 0.32+0.06−0.07 0.32 0.10 0.64+0.09−0.10 0.22 0.09
(23,-1) 4.23 3.20+0.44−0.42 0.59 0.26 11.14+0.60−0.72 0.68 0.73 0.18+0.00−0.01 0.70 0.73 0.37+0.03−0.02 0.26 0.07 0.71+0.05−0.04 0.27 0.10
G202.30-08.91a (29,-26) 6.70 4.50+1.04−0.96 0.63 0.06 14.32+1.23−1.18 0.51 0.40 0.21+0.01−0.01 0.45 0.40 0.42+0.08−0.06 0.03 0.00 0.82+0.13−0.10 0.05 0.01
(153,-323) 5.10 3.68+0.35−0.43 0.79 0.28 10.30+1.25−1.24 0.91 0.81 0.18+0.01−0.01 0.97 0.81 0.44+0.07−0.05 0.55 0.16 0.82+0.12−0.09 0.35 0.51
G202.30-08.91b (186,49) 1.56 1.34+0.17−0.16 0.69 0.60 10.12+0.50−0.59 0.88 0.83 0.18+0.00−0.01 0.85 0.83 0.15+0.01−0.01 0.13 0.11 0.40+0.02−0.03 0.29 0.26
(104,40) 1.73 1.35+0.21−0.21 0.83 0.65 10.28+0.43−0.35 0.84 0.77 0.18+0.00−0.00 0.80 0.77 0.17+0.04−0.00 0.27 0.11 0.41+0.01−0.03 0.48 0.36
(35,-13) 1.72 1.20+0.26−0.16 0.62 0.11 11.74+0.77−0.66 0.41 0.34 0.19+0.01−0.01 0.37 0.34 0.16+0.04−0.04 0.22 0.08 0.43+0.03−0.04 0.94 0.97





Name Offset NH2 Tex σT herm σNT σ3D
max mean P-value mean P-value mean P-value mean P-value mean P-value
(′′, ′′) (1021 cm−2) (1021 cm−2) normal lognormal (K) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal
G203.11-08.70 (300,10) 3.20 2.07+0.39−0.44 0.77 0.84 11.57+0.52−0.51 0.82 0.66 0.19+0.00−0.00 0.74 0.65 0.24+0.05−0.04 0.83 0.35 0.54+0.07−0.06 0.96 0.84
(43,-37) 3.53 2.02+0.51−0.40 0.98 0.56 9.23+0.60−0.52 0.67 0.66 0.17+0.01−0.00 0.66 0.66 0.24+0.07−0.07 0.61 0.14 0.52+0.10−0.11 0.78 0.41
G203.20-11.20 (-23,3) 6.86 4.84+0.80−0.64 0.88 0.42 12.05+0.98−0.86 0.57 0.49 0.19+0.01−0.01 0.52 0.49 0.43+0.06−0.05 0.77 0.45 0.82+0.10−0.08 0.96 0.75
G203.75-08.49 (139,45) 3.64 2.57+0.53−0.46 0.62 0.16 10.00+0.27−0.29 0.96 0.94 0.17+0.00−0.00 0.95 0.94 0.30+0.05−0.07 0.94 0.67 0.61+0.07−0.10 0.79 0.98
G204.82-13.88 (8,-89) 15.34 11.13+2.02−2.02 0.00 0.00 19.49+0.90−0.88 0.41 0.16 0.24+0.01−0.01 0.27 0.17 0.64+0.07−0.08 0.02 0.00 1.19+0.12−0.13 0.04 0.00
G205.29-06.01 (209,45) 3.58 2.52+0.54−0.57 0.27 0.10 11.50+0.38−0.31 0.41 0.25 0.19+0.00−0.00 0.33 0.25 0.31+0.06−0.04 0.84 0.03 0.63+0.08−0.08 0.94 0.46
G206.21-08.42 (204,166) 4.23 2.92+0.66−0.53 0.78 0.36 9.52+0.18−0.22 0.32 0.36 0.17+0.00−0.00 0.34 0.36 0.77+0.25−0.46 0.33 0.04 1.38+0.41−0.77 0.39 0.07
(-33,164) 4.50 3.02+0.71−0.60 0.96 0.53 9.56+0.17−0.13 0.32 0.26 0.17+0.00−0.00 0.29 0.25 0.40+0.06−0.04 0.13 0.00 0.76+0.09−0.07 0.30 0.02
(107,-68) 4.54 3.05+0.70−0.61 0.07 0.00 9.52+0.20−0.27 0.16 0.25 0.17+0.00−0.00 0.20 0.24 0.42+0.04−0.15 0.00 0.03 0.81+0.05−0.25 0.00 0.03
G206.34-08.57b (240,-89) 2.33 1.63+0.24−0.20 0.80 0.18 10.74+0.37−0.29 0.94 0.93 0.18+0.00−0.00 0.93 0.93 0.38+0.03−0.04 0.91 0.99 0.73+0.04−0.06 0.82 0.95
(-27,134) 2.30 1.63+0.32−0.18 0.36 0.00 10.72+0.35−0.34 0.92 0.91 0.18+0.00−0.00 0.92 0.92 0.34+0.05−0.04 0.41 0.02 0.68+0.07−0.08 0.41 0.17
G206.87-04.36 (-29,1) 5.59 3.33+0.85−0.89 0.95 0.23 12.14+0.37−0.40 0.47 0.59 0.19+0.00−0.00 0.53 0.59 0.39+0.12−0.08 0.93 0.11 0.77+0.19−0.14 0.73 0.73
G207.35-19.82 (-70,77) 15.28 9.83+2.57−2.23 0.48 0.02 19.91+1.23−0.69 0.01 0.00 0.25+0.01−0.00 0.00 0.00 0.62+0.08−0.05 0.05 0.00 1.16+0.13−0.10 0.06 0.00
(199,-257) 13.56 10.02+2.03−1.27 0.16 0.00 19.46+0.91−0.93 0.67 0.85 0.24+0.01−0.01 0.79 0.85 0.55+0.06−0.05 0.02 0.00 1.05+0.09−0.08 0.03 0.00
G210.30-00.03 (44,4) 3.31 2.22+0.46−0.51 0.50 0.55 8.37+0.28−0.28 0.75 0.83 0.16+0.00−0.00 0.80 0.83 0.26+0.10−0.10 0.38 0.20 0.54+0.14−0.15 0.44 0.31
(-9,-142) 3.73 2.37+0.43−0.60 0.93 0.49 8.79+0.58−0.44 0.77 0.85 0.16+0.01−0.00 0.81 0.85 0.22+0.05−0.05 0.86 0.43 0.49+0.07−0.08 0.73 0.98
G214.69-19.94 (-31,53) 3.07 2.32+0.38−0.31 0.11 0.01 9.36+0.99−0.85 0.02 0.05 0.17+0.01−0.01 0.04 0.05 0.25+0.04−0.04 0.07 0.00 0.53+0.06−0.05 0.22 0.04
G215.00-15.13 (21,-54) 0.97 0.80+0.07−0.11 0.74 0.67 9.17+0.37−0.07 0.73 0.66 0.17+0.00−0.00 0.69 0.66 0.17+0.00−0.01 0.51 0.57 0.41+0.01−0.01 0.15 0.16
(-174,73) 1.04 0.66+0.15−0.09 0.90 0.31 8.47+0.77−0.60 0.65 0.62 0.16+0.01−0.01 0.63 0.62 0.19+0.01−0.02 0.44 0.49 0.44+0.02−0.03 0.72 0.77
G215.41-16.39 (3,-39) 3.10 2.10+0.49−0.29 0.36 0.01 10.09+0.52−0.33 0.62 0.63 0.17+0.00−0.00 0.62 0.62 0.25+0.05−0.04 0.18 0.01 0.54+0.06−0.06 0.42 0.12





Name Offset NH2 Tex σT herm σNT σ3D
max mean P-value mean P-value mean P-value mean P-value mean P-value
(′′, ′′) (1021 cm−2) (1021 cm−2) normal lognormal (K) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal (km s−1) normal lognormal
G215.70-15.05 (-60,385) 2.54 1.80+0.45−0.39 0.89 0.94 10.57+0.46−0.49 0.56 0.55 0.18+0.00−0.00 0.55 0.55 0.15+0.04−0.05 0.69 0.48 0.41+0.05−0.06 0.70 0.60
G215.88-17.58 (207,139) 6.54 4.57+0.96−0.96 0.59 0.20 13.68+1.17−1.01 0.37 0.72 0.20+0.01−0.01 0.53 0.72 0.41+0.05−0.04 0.98 0.57 0.79+0.08−0.06 0.99 0.85
G216.01-15.94 (50,-51) 4.73 3.15+0.40−0.37 0.83 0.15 10.19+0.42−0.42 0.55 0.77 0.18+0.00−0.00 0.67 0.78 0.46+0.05−0.06 0.62 0.09 0.85+0.08−0.10 0.53 0.67
G216.32-15.71 (-90,110) 5.97 4.17+0.68−0.55 0.00 0.00 10.57+0.62−0.59 0.00 0.00 0.18+0.01−0.00 0.00 0.00 0.56+0.10−0.09 0.10 0.00 1.02+0.17−0.15 0.20 0.00
G217.13-12.54 (7,-2) 5.00 2.65+0.31−0.48 0.00 0.04 9.83+0.31−0.34 0.94 0.97 0.17+0.00−0.00 0.96 0.97 0.30+0.01−0.04 0.00 0.00 0.60+0.01−0.07 0.00 0.00
G217.46-13.78 (-31,-29) 2.91 1.83+0.35−0.31 0.82 0.07 10.87+0.39−0.30 0.96 0.82 0.18+0.00−0.00 0.90 0.82 0.21+0.04−0.04 0.15 0.00 0.49+0.06−0.05 0.30 0.10
G217.41-13.93 (45,59) 2.44 1.47+0.23−0.20 0.56 0.07 10.89+0.38−0.40 0.86 0.84 0.18+0.00−0.00 0.85 0.84 0.18+0.04−0.06 0.12 0.01 0.45+0.05−0.07 0.04 0.16
G217.70-16.12 (57,30) 1.87 1.52+0.23−0.10 0.58 0.28 7.49+0.15−0.19 0.41 0.44 0.15+0.00−0.00 0.43 0.44 0.24+0.05−0.05 0.91 0.64 0.49+0.07−0.07 0.96 0.82
(13,159) 1.87 0.92+0.22−0.28 0.88 0.04 8.35+0.89−0.97 0.29 0.50 0.16+0.01−0.01 0.38 0.50 0.15+0.03−0.03 0.05 0.16 0.39+0.04−0.04 0.18 0.47
(74,-249) 1.51 1.09+0.18−0.16 0.76 0.98 8.09+0.11−0.25 0.22 0.26 0.16+0.00−0.00 0.24 0.26 0.14+0.04−0.04 0.85 0.86 0.37+0.04−0.04 0.91 0.89
G219.26-17.89 (2,73) 4.89 3.17+0.71−0.67 0.73 0.57 10.62+0.91−0.81 0.78 0.70 0.18+0.01−0.01 0.73 0.70 0.43+0.09−0.07 0.33 0.01 0.81+0.14−0.11 0.50 0.04
(-284,94) 3.87 2.58+0.39−0.22 0.09 0.00 9.85+0.58−0.37 0.10 0.05 0.17+0.01−0.00 0.07 0.05 0.51+0.14−0.11 0.06 0.00 0.95+0.22−0.18 0.10 0.00
(-124,-329) 2.64 1.59+0.49−0.47 0.63 0.43 8.89+0.26−0.27 0.80 0.86 0.16+0.00−0.00 0.83 0.86 0.20+0.04−0.03 0.85 0.09 0.45+0.05−0.04 1.00 0.95
G219.30-08.15 (34,4) 2.55 1.74+0.28−0.18 0.34 0.01 10.15+0.28−0.35 0.81 0.88 0.18+0.00−0.00 0.85 0.88 0.21+0.03−0.03 0.11 0.01 0.48+0.04−0.04 0.14 0.05
(-80,-38) 2.19 1.69+0.24−0.11 0.19 0.02 10.67+0.67−0.71 0.86 0.94 0.18+0.01−0.01 0.91 0.95 0.20+0.02−0.03 0.73 0.46 0.46+0.03−0.03 0.94 0.76
G222.23+01.21 (190,118) 3.74 2.61+0.48−0.43 0.24 0.04 10.07+0.32−0.28 0.82 0.86 0.17+0.00−0.00 0.85 0.86 0.37+0.08−0.07 0.90 0.40 0.72+0.11−0.12 0.91 0.63
(2,3) 4.64 3.19+0.92−0.54 0.82 0.36 9.77+0.25−0.20 0.93 0.89 0.17+0.00−0.00 0.91 0.89 0.41+0.10−0.08 0.54 0.19 0.77+0.16−0.14 0.60 0.36
(-315,-211 3.25 1.95+0.44−0.56 0.95 0.14 9.85+0.31−0.30 0.50 0.42 0.17+0.00−0.00 0.46 0.42 0.24+0.04−0.04 0.58 0.02 0.52+0.05−0.07 0.62 0.50
G224.27-00.82 (-91,-49) 12.51 8.19+1.24−1.46 0.89 0.56 12.81+0.43−0.58 0.56 0.74 0.20+0.00−0.00 0.65 0.74 0.85+0.09−0.09 0.68 0.43 1.51+0.15−0.15 0.76 0.50
– 64 –
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Table 4. Derived parameters of the dense cores
Name Deconvolved Size R Vlsr n MLT E Mvir MJ Remarks
(′′ × ′′(◦)) (pc) (km s−1) (103 cm−3) (M⊙) (M⊙) (M⊙)
G185.80-09.12 291×176(-42.8) 0.22 -2.8(0.1) 3.2 9.6 18.4 12.6
313×105(-7.6) 0.18 -2.3(0.1) 3.1 4.8 11.1 8.4
G190.08-13.51 577×429(75.8) 0.54 1.2(0.2) 1.4 65.6 63.8 31.1
829×322(-25.5) 0.56 1.3(0.2) 1.4 70.8 73.9 38.3
153×121(-39.4) 0.15 1.3(0.1) 5.3 4.9 23.3 26.5
627×504(4.1) 0.61 1.4(0.3) 1.3 83.8 68.0 30.9
G190.15-14.34 332×223(85.3) 0.30 1.5(0.2) 2.9 21.3 30.1 17.2
518×293(80.0) 0.42 1.4(0.1) 2.0 43.8 45.8 23.4
293×160(78.6) 0.24 1.5(0.2) 3.6 13.5 37.0 30.2
G191.03-16.74 447×345(-65.9) 0.43 1.8(0.1) 1.4 31.0 28.0 13.3
440×397(33.6) 0.46 1.7(0.2) 1.3 35.2 29.8 13.7
G192.12-10.90 948×337(51.4) 0.62 10.0(0.1) 1.9 127.7 57.0 19.0
302×265(85.9) 0.31 9.8(0.1) 3.8 32.0 35.2 18.4
339×192(7.5) 0.28 9.7(0.1) 4.5 27.7 33.6 18.8
G192.28-11.33 336×255(-77.8) 0.32 10.1(0.2) 4.9 44.9 40.7 18.9
476×275(63.7) 0.39 10.4(0.1) 4.1 71.1 47.7 19.5
707×452(-70.7) 0.62 10.3(0.1) 2.6 175.0 94.3 34.7
G192.54-11.56 605×302(11.3) 0.47 10.5(0.1) 3.9 112.2 53.2 18.4
G194.69-16.84 205×139(66.2) 0.18 -2.1(0.1) 3.0 5.3 12.1 8.5
361×237(49.1) 0.32 -2.1(0.2) 1.7 16.0 22.5 14.0
188×99(70.7) 0.15 -2.1(0.1) 2.1 1.9 6.4 5.4
G195.09-16.41 534×309(59.3) 0.44 -0.4(0.4) 3.5 86.0 105.3 58.8
679×341(-62.3) 0.52 -0.2(0.4) 2.8 115.9 112.7 56.5
G195.00-16.95 611×430(10.5) 0.56 -2.2(0.3) 1.4 69.8 55.0 24.5
613×449(-82.7) 0.57 -2.2(0.2) 1.5 79.1 56.3 23.8
G196.21-15.50 276×203(54.2) 0.26 3.2 (0.8) 3.0 14.7 27.8 17.9
228×84(3.5) 0.15 3.6 (0.3) 4.0 3.9 14.9 14.5
256×89(60.8) 0.16 4.8 (0.2) 3.8 4.8 16.7 14.0
G198.03-15.24 439×173(-29.8) 0.30 0(0.1) 2.3 18.1 21.2 11.7 IRAS 05268+0550
348×277(-15.3) 0.34 0(0.2) 1.9 20.7 23.9 13.1
G198.56-09.10 632×315(-32.5) 0.49 11.7(0.3) 2.1 69.8 62.1 30.0
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Table 4—Continued
Name Deconvolved Size R Vlsr n MLT E Mvir MJ Remarks
(′′ × ′′(◦)) (pc) (km s−1) (103 cm−3) (M⊙) (M⊙) (M⊙)
G200.34-10.97 308×194(11.8) 0.27 13.5(0.1) 2.1 11.3 18.1 10.9
322×246(45.1) 0.31 13.5(0.1) 1.8 15.0 19.3 10.9
391×206(63.9) 0.31 13.5(0.1) 2.4 20.5 26.8 15.2 IRAS 05464+0554
G202.21-09.17 286×186(56.8) 0.25 9.4(0.2) 2.5 11.4 24.0 18.0
431×266(60.2) 0.37 9.0(0.4) 1.9 26.4 43.4 28.4
G202.30-08.91a 368×241(-75.1) 0.32 11.9(0.2) 3.3 32.4 50.9 31.4
437×305(-66.8) 0.40 9.0(0.9) 2.1 37.1 62.4 41.4
G202.30-08.91b 243×69(85.2) 0.14 8.9(0.1) 1.8 1.4 5.3 5.3
241×106(79.8) 0.17 9.0(0.1) 1.6 2.4 6.8 6.6
289×120(49.7) 0.20 9.1(0.1) 1.4 3.3 8.8 7.3
256×204(45.0) 0.25 9.2(0.3) 0.9 3.9 8.4 5.8
G203.11-08.70 299×241(84.4) 0.29 11.1(0.2) 1.8 12.6 19.9 12.0
328×222(-65.8) 0.29 11.7(0.3) 1.9 14.0 18.5 10.1
G203.20-11.20 481×243(79.8) 0.37 10.5(0.1) 3.0 43.7 58.4 33.4 IRAS 05510+0321
G203.75-08.49 456×252(82.4) 0.37 11.5(0.2) 1.6 22.8 32.1 18.0
G204.82-13.88 677×477(-53.1) 0.62 9.0(0.2) 4.0 270.2 204.6 88.5
G205.29-06.01 447×302(84.0) 0.40 11.2(0.2) 1.4 26.4 37.1 22.2
G206.21-08.42 167×126(30.7) 0.16 8.7(0.3) 4.3 4.9 70.2 130.7
358×243(44) 0.32 9.0(0.2) 2.3 21.4 43.3 30.3
450×342(88.4) 0.43 8.9(0.2) 1.7 38.1 65.4 39.4
G206.34-08.57b 343×168(-59.3) 0.26 8.8(0.1) 1.4 7.3 32.5 34.3
360×284(-20.7) 0.35 8.9(0.1) 1.1 12.8 37.6 30.6
G206.87-04.36 256×217(82.1) 0.26 9.5(0.3) 3.5 16.9 35.5 24.1
G207.35-19.82 545×303(-83.4) 0.44 11.3(0.3) 5.6 137.6 139.0 70.1
527×302(-36.0) 0.44 11.3(0.2) 5.0 117.7 111.8 53.4
G210.30-00.03 249×136(87.8) 0.20 36.3(0.2) 2.7 6.1 13.6 9.7 IRAS 06439+0221
164×149(-20.1) 0.17 36.4(0.2) 3.5 5.0 9.5 5.9
G214.69-19.94 819×310(-11.1) 0.55 2.4(0.1) 0.9 42.5 36.0 16.1 IRAS 05403-1026
G215.00-15.13 227×76(-5.9) 0.14 12.5 1.1 0.9 5.6 7.4
84×66(-27.7) 0.08 12.3(0.1) 2.1 0.3 3.7 5.9
G215.41-16.39 409×185(-55.5) 0.30 11.7(0.1) 1.7 12.8 20.4 11.8
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Table 4—Continued
Name Deconvolved Size R Vlsr n MLT E Mvir MJ Remarks
(′′ × ′′(◦)) (pc) (km s−1) (103 cm−3) (M⊙) (M⊙) (M⊙)
361×143(-30.1) 0.25 11.9(0.1) 2.2 9.4 16.2 10.1
G215.70-15.05 236×93(-6.2) 0.16 11.8(0.1) 2.5 3.0 6.3 4.5 IRAS 05598-0906
G215.88-17.58 684×271(58.2) 0.47 9.4(0.2) 2.3 66.1 68.3 35.1
G216.01-15.94 440×378(85.0) 0.44 11.7(0.2) 1.7 42.9 74.9 50.9
G216.32-15.71 726×491(-47.6) 0.65 12.1(0.3) 1.5 116.1 157.9 92.6
G217.13-12.54 374×351(-38.2) 0.40 11.5(0.2) 2.0 35.8 33.2 15.9 IRAS 06116-0920
G217.46-13.78 466×366(-78.2) 0.45 9.5(0.1) 1.0 27.1 25.2 11.5
G217.41-13.93 423×301(11.1) 0.39 9.4(0.1) 1.0 16.9 18.4 9.1
G217.70-16.12 106×70(42.8) 0.09 4.9(0.1) 3.2 0.8 5.3 7.0
373×261(18.2) 0.34 4.7(0.1) 0.9 9.9 12.1 6.2
251×111(-12.0) 0.18 4.0(0.1) 1.3 2.3 5.8 4.6
G219.26-17.89 677×342(37.7) 0.52 9.1(0.2) 1.5 61.7 80.2 45.7 IRAS 05555-1329
356×258(48.4) 0.33 9.3(0.1) 1.9 19.4 69.5 62.6
347×236(-6.9) 0.31 9.5(0.2) 1.4 11.8 14.7 8.0 IRAS 05553-1335
G219.30-08.15 348×222(-0.5) 0.30 10.8(0.1) 1.4 10.7 16.3 10.1
439×183(60.9) 0.31 10.9(0.1) 1.1 9.6 15.2 10.1
G222.23+01.21 725×189(27.6) 0.40 28.7(0.2) 1.5 27.9 48.8 30.6
624×135(68.8) 0.32 28.7(0.1) 2.4 21.3 43.7 31.5
269×186(8.8) 0.24 29.5(0.4) 2.2 8.9 15.4 9.6 IRAS 07100-0740
G224.27-00.82 542×315(-70.0) 0.45 14.2(0.2) 4.5 116.5 239.5 174.2
